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Describee: are re corr.bi riant DNA mciecules comprising regulatory sequencers) of the Vascular Endothelial Growth Factor ( VEGF) 
gene cr of a gene homologous to r Jie VEGF gene, being capaole of modulating hypoxia inducible expression of a heterologous DNA 
sequence in vivo. Vectors comprising said recombinant DNA molecules are provided. .Also provided are pharmaceutical and diagnostic 
■ rem positions : cm prising such recombinant DNA mciecules and vectors. Furthermore, ceils and transgenic non-human animals, comprising 
the aforementioned recombinant DNA molecules or vectors stably integrated into their genome and their use fcr the identification of 
substances capaole of suppressing or activating transcription of a hypoxia inducible gene are described. Described is furthermore the use of 
the before described recombinant DNA molecules and veccrs for the preparation of pharmaceutical compositions fcr treating, preventing, 
and/' or delaying a vascular or tumorous disease in a subject. Furthermore, uses of the recombinant DNA molecules and vectors of the 
invention for the preparation of pharmaceutical compositions for inducing a vascular or tumorous disease in a non-human anirru:! are 
provided. In add i tier, methods for identifying agonists activators or antagonists/ inhibitors of genes or gene products involved in hypoxia 
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Regulatory sequences involved in hypoxia regulated gene 
expression and uses thereof 

The present invention relates to recombinant DNA molecules comprising regulatory 
sequencers) of the Vascular Endothelial Growth Factor (VEGF) gene or of a gene 
homologous to the VEGF gene, being capable of moculating hypoxia inducible 
expression of a heterologous DNA sequence in vivo. The present invention also 
provides vectors comprising said recombinant DNA molecules. The present invention 
additionally relates to pharmaceutical and diagnostic compositions comprising such 
recombinant DNA molecules and vectors. Furthermore, the present invention relates 
to cells and transgenic non-human animals, comprising the aforementioned 
recombinant DNA molecules or vectors stably integrated into their genome and their 
use for the identification of substances capable of suppressing or activating 
transcription of a hypoxia inducible gene. The present invention also relates to the 
use of the before described recombinant DNA molecules and vectors for the 
preparation of pharmaceutical compositions for treating, preventing, and/or delaying 
a vascular or tumorous disease in a subject. Furthermore, the recombinant DNA 
molecules and vectors of the invention can be used for the preparation of 
pharmaceutical compositions for inducing a vascular or tumorous disease in a non- 
human animal. In addition, the present invention relates to a method for identifying 
agonists/activators or antagonists/inhibitors of genes or gene products involved in 
hypoxia and/or :schemia. to compounds identifiable by said methcd. to antibodies 
directed to sa:d compounds as well as to pharmaceutical and diagnostic 
compositions comprising said agonists/activators, antagonists/inhibitors and/ or 
antiocdies. Suc.n compositions may oe useful for the treatment or prevention or for 
diagnosing of vascular diseases. 
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in the field o* neuroscience and mecical therapy, there is a great demand *cr test 
systems to study the functicn anc interaction of gene products, the malfunction or 
e>pressicn of which cause vascular and/cr tumorous diseases. Such systems would 
also oe suitabie for crug development against such diseases. A prominent example 
r'cr such diseases are diseases which cevelop from celis in tissues that are faced 
with iow oxygen tension under certain physiological i embrycgenesis) as well as 
oathcicgical (tumor growth, wound heaiing) ccncitions. The compensatory 
mechanisms that eraoie these ce'.ls to survive hypoxic conditions involve activation 
and repression of certain genes (for review see 3unn, Physioi. Rev. 75 (1995), 339- 
8352 in order to restore an adequate oxygen suppiy, either improved oxygen 
transport or new vessei formation :s required. Two <ey factors involved in these 
processes are Erythrecoietm : EFC) and Vascular Endothelial Growth Factor (VEGF). 
Hypoxia mducibie VEGF gene expression is thus believed to p;ay an important role 
in the growth of sciic turners which require neovascularization (Plate, Nature 359 
(1992:, 845-5^7). Neoplasias can be divided into two crouos according to their 
VEGF expression pattern one group constitutiveiy expresses VEGF in all tumor 
celis, e.g., VHL-disease associated hemangioblastcmas (Wizigmarn-Vcos. Cancer 
Res. 55 (1 995), 1353-1364;-, whereas tne seconc is characterized by uoregulation of 
VEGF expression in advanced stages of turner deveicoment in a subset cf tumor 
ceils Gxomas, the most malignant human crain tumons, belong to mis latter group. 
E<cression cf VEGF in tnese tumors is highly uoreguiated and restricted to 
perinecrctio ceils (Shweiki. Nature 359 (1992), 843-345; Plate, int. J. Cancer 59 
("994;, 520-529). Due to their special mcronoicgy and location these celis nave 
been designated 'pennecrct;c palisading" cells (PNP ceils; iRussei, Pathology of 
tumors cf the nervcus system, London: Arnold, 1939). The localizator! of PNP ceils 
a: the border of necrotic foci in tne center of the tumor suggests that these eel's are 
subjectec to low oyoen cartiai p-essure. Although the:-:- is no exper~onta. evidence 
to it ; s w ; dee assum.ee that mis s:ec.a : ::: :::oe:-. er-mm-.-m nmvoes a major 

stimu.us fc-r me increased exor ess on or" VEGF in me ~M C cols, rota •m:;::c" :~ tn s 
/;ew came from experiments with multicellular sphercics. a cemmemy used mccei 
for so: : c tumors. E^.occure cf cultured cell sphere. cs to hypoxia ieacs to the 
ucreguiation c* VEG- cere expression in the inner cci' -aye r s 'Shweik;. 3 mc. NaV 
A: ad 2 cci 222 A 92 ' 1 hc-^ 7~3-7722 Exoe r, me°tai on*.- nave mevdoc -->v"ien---= r ~~. 
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tne genes fcr E^O and VEGF are regulated by lew oxygen tension using similar 
sensing anc control mechanisms (Goldberg, J. Eiol. Chem. 259 (1994), 4355-4359). 
In addition to transcriptional activation, mRNA stabilization is Involved in hyocxic 
regulation of both EPO and VEGF (Goldberg, 3lood 77 (1991), 271-277; Schuster, 
Bleed 73 (1989), 13-16; Levy, J. 3icl. Chem. 270 (1995), 13333-13340; Levy, J. Biol. 
Chem, 271 (1996), 2746-2753; Ikeda, J. Biol. Chem. 270 (1995), 19761-19766; 
Fondcn, FE3S Lett. 359 ( 1 395), 257-270). The characterization of :he 3' hypoxia 
enhancer of the EPO gene iec to the discover/ of a hypoxia-inducible protein 
c:mc e < . termed Hyccxia-irducible :actor 1 (HIF 1) (Semenza, Vol. Ceil. Eiol. 12 
i '992;, 54^ 7 -5454V 'his transcnoticn factor consists :r H:F la anc HIF V2 (ARMT), 
both memoers cf the bHLH-PAS-domam family (Wang, Pmc. Natl. Acad. Sci. USA 
92 V995), 551C-5514). Similarities in tne hypoxic induction of EPO and VEGF 
sjcaested mat VEGF expression induced by low uxycen tension :s subject to 
regulation by the same transcription factor. 

Meanwniie, HIF 1 binding and transactivation was reoorted for the human and rat 
VEGF genes (Levy, J. Bio! Chem. 270 (1995), 13333-13340; Liu, Circ. Res. 77 
(1995), 633-643; Forsythe. Mol. Cell. Bid-. 15 (1995), 4504-4613). Results from 
reporter gene studies employing the "at VEGF promoter led to the conclusion that, in 
addition to the HIF ■ cinding site (TACG7G). other c/s-acting elements may be 
involved in transcript onai centre! of VEGF gene e<cress:on by hypoxia (Levy,. J. 
Biol. Chem. 270 (1995), 13333-13340). Forsythe nas reported that transcriptional up- 
regulation of tne VEGF gene during hypo<;a is dependent upon transact;vat;en by 
the H'F 1 transcription factor, which ends to a H!F 1 consensus site iceated in the 5' 
ranking region of the VEGF gene and that a residual level of hypoxic induction for 
human VEGF-luciferase constructs Sacking the HiF t binding site remains (Forsythe. 
Vol Ceil. 5ioL 16 (1995}. 4504-4613). On the basis or' ear'ier studies it was 

ucToc^iation of VEG ~ cere exce: : .oX>m F\OC>! sceme.n* of th : s e'eme nt t, the hum a n 
E f C e " n a n ce r p v tne mouse z . ec i ; e n ~e cu m c iste! v a och o n ed the n vp: ox ; a response 
■ Semen on , \!ci . Ceil. B.oi . 12 ' 1 992 ■, 544 /-5454) Conversoiy, in the nu man VEGF 5' 
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stretch is net involved ; n hypoxic upreguiation of VEGF gene expression. 
Furthermore, determinants r'cr the hypcxia-reguiateo mRNA stability have been 
localized in the 2' untranslated region of the VEGF mRNA (Levy, J. Biol. Chem. 271 
(1996). 2745-2753; Levy, J. Bio!. Chem. 271 (1996), 25492-25^97; Shima, J. 3ioi. 
Chem. 271 (1995;, 3877-38S3;. Recently, a new method has been developed for 
assessing tissue oxygen oartial oressure using EF5, a nitrcimidazcie whose binding 
affinity for macrcmciecuies vanes according to the cellular oxygen partial pressure. 
VValeh anc coworkers used th.s method to demonstrate that expression of VEGF 
col coal izes with ^eg:ors cf low oxygen partial oressure in EMT5 and HT29 
multicellular spheroids iVVa.em Cancer Res. 55 M995L 5222-6226), consistent with 
the hypothesis that hypoxia can reguiate VEGF gene expression. The evidence on 
tne regulation of VEGF gene expression by hypoxia in gliomas has thus far been 
cased cn the colocalization of increased VEGF mRNA expression and regions cf lew 
oxygen, and on transaction studies performed with VEGF reporter gene constructs 
using cultured glioma cells in vitro. However, it is not known whether indeed the H.IF1 
binding site is essential a nd sufficient to confer full hypoxia inducible expression in 
vitro and in vivo or w h e t h e r additional regulator/ sequences are required. For 
studying ail aspects o' genes involved in both hypo<ia regulated physiological and 
pathoiogioa, angicgenesis sucn as in neoplasias and tor tne development of hypoxia 
specific crugs, to 5: s\ stems ere ^equirec which cicsei/ resemcie hypoxia regulatec 
gene express on vivo since othen.vise ncn-informat.ve or even false positive 
results may be obtained 

T hus t tne technical prob.em of the present invention is to provide a means that 
allows studying hypoxia regulated gene expression in vivo. 

"he solution tc this * -.mmon c rob em is achieved b/ providing t~e embodiments 

snaraotunzeo n the c^ims. 

•"■so :r , the i •-. • : ; :; 1 nsocmoina-t C\A mo ecu.e - '. mr ; : -.p : 
[a] a first regulator/ soauence cf a promoter active t mammalian ceiis: 
(bk operative!/ linker thereto a heterologous DNA sequence; and 
:m ooemtively irik^c thereto a second regulator/ secuence derived from the 3'- 
■ r<-,i - •• • •- v '\>"-r\."r - ndrrt^e : ia! - -v/m t'nnMr -'VFG-! ':-rn p- 
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cf a gene homologous to the VEGF gene being capable cf regulating hypoxia 
inducible expression in vivo. 

.n accordance with the present Invention, regulator/ sequences involved in hypoxia 
reguiatec gene expression have been identified. Said regulatory sequence(s) are 
suitable to confer hypoxia regulated expression to a heterologous DNA sequence, 
wherein the regulation of the expression of said heterologous DNA sequence is 
substantially identical with the hypoia reguiatec expression the VEGF gene. 
E> oeriments with stably transfected GS9L cell clones containing mouse VEGF-lacZ 
repcrer gene constructs injected into syngeneic rats were oenrcrmed in accord a rce 
with the present invention. These experiments revealed that a. though GS9L cells 
ciona = ty se'eeteo to contain the repcrter gene were used tc prcc^ce tne transoiantec 
turners such that all GS9L ceils in tne tumor should contain the VEGF reporter gene, 
omy the PNP cells upreguiated its expression, confirming that the special 
microenvironment of the FNP ceils confers a distinct regulation onto the VEGF gene. 
VEGF exoression in glioma tumors growing in animals is restricted to distinctive 
permecrctic palisading (PNP) cells that flank- necrotic regions within the tumor. When 
in,ected subcutaneousiy into syngeneic rats, GS9L glioma ce.ls form tumors witn 
distinctive necrotic feci wnich are histologically similar t;: human gliomas. In situ 
h\or;2ization revealed hign leve. eioressicn or* VEGF m.FNA in PNP ce.ls of these 
e:>oenmema turners (Plate, Cancer Fes 53 (-993^ 5c22-532^;. -^nthermore. EF 5 
immunostaining fcr regions cf iow oxygen partial pressce overiappec with 
expression 0*' .Vcaiactosidase driven by mouse VEGF regulatory sequences. These 
results obtained in accordance with the present invention demonstrate that hypoxia 
is indeed the micrcenvironmental stimulus fcr upregulaticn cf VEGF expression in 
tne P\P ce.ls 0: c:io— as and that tne o'-untrnr slatec: -egicn cf tne VEG~ gene 
a**e xc hypc<ia ^cgulateo cere exo'essiom " u us. in accordance with the present 
invention, it was shown fcr tne first t.me that tne exoresson cf a heterologous DNA 
..e : : the ccntrci said reg-iatcy oca .-■/- >• ~esu= a: " -in .m-eas-:: 'awe! 

cf e-:oression of said heterologous DNA sequence ~hese results obtained in 
0 mo^dc^n .vit^ t~o orasent Invention demonstrate tcca me 'eguiatcy sequences 
: ; aaiaao ~cm:a can ::o ucoc to c aeo: hyocxia i^r.cc • > -cr-cv:: or note role ecu 3 
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The recombinant DNA molecule of the invention alicws studying the function and 
interaction or proteins which are expressed and up- or downreguiatec under hypoxic 
conditions and which are suppcsec to be involved in vascuiar and tumorous 
ciseases. ~hus, the regulatory sequences of the invention are particularly suited ana 
useful for the engineering of transgenic ceils and non-human animals which can 
serve as a test system for the development of drugs for the treatment of vascuiar and 
tumorous ciseases cue to hypcxia ;ncucec! gene expression. The genomic DNA of 
the VEGF cere comprising the 5' arc 3' regulator/ sequences can ire obtained, for 
example, cy screening a phage library cf genomic DNA in the vectcr X.Fixil 
(Stratagene. La Jcila, CA) generated by conventional methods known in the art. 

in the context z~ the present invention the term "a first regu:atcn/ sequence cf a 
promoter active ir mammalian cells" means a nucleotide sequence ccmcrising 
binding sites of t*a inscription factors a no/or regu later/ proteins. 

For tne purpose of the present invention the term "a second regulator/ secuence 
derived from tne 3'-untranslated region of the VEGF gene" means a nucleotide 
secuence cf the c'-untranslatec sequences from the VEGF gene from mouse 
capaole of regulating hypoxia induced gene expression. 

Tne term "regulatory sequence cenvec from the o'-untranslated region cf a gene 
homoicgous to the VEGF gene" inc:udes regulator/ sequences cf a gene from 
another species, for example, humans and ctner mammals such as rat which is 
homologous to the VEGF gene cf mouse and which confers tne same expression 
pattern. As can be seen from figure 1a and b, wnich compares the 3' untranslated 
region of the VEGF gene from mouse with that cf human and rat, respectively, the 
"uc.eotide sequence cf saic region : s "ich;y conserved. Thus, it is to be expected 
-.rat :re 1' .mrq-slates regions o; me rutiar a~d tne rat VEG~ gene f_nct.cn n tne 
same rasn.c** as mat tne mc use gene sees. Such regu.atsn/ secuences are 
m r ••: is, me ~ ::m .m . i:y ' senre"ng mm; V; " ' : Vat-... : '• • m ; ma : • a 

heterologous DNA sequence />? iv/c, preferably in glioma ceils. Thus, accoroing to 
the present invention, regulator, secuences from other soecies can ce used that are 
fu-cticra'iv romo ogcus to the regJotcn, seo^msccs cf the 2'-umrans ated recion s ; 
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ice.ntipai pattern of expression, m the sense of being expressed under hypoxic 
conditions, preferably in glioma ceils. 

it is possible for :he person skilled in :he ant to isolate by employing the known VEGF 
gene from mouse, corresponding genes from otner species, for example, humans 
ana ether mammais. This can be done by conventional techniques known in the an. 
icr example, by using VEGF gene sequences as a hybridization probe or by 
cesigninc appropriate PGR primers. It is then possible to isolate the corresponoing 
regulator/ sequences by conventional techniques and test them for the;r expression 
pattern. For this purpose, it is, for instance, possible to fuse the regulator/ 
secuences to a reporter gene, sucn as the iuciferase cr green fluorescent protein 
■GFP' encoding genes anc assess the e<press;cn of the reporter gene :n transgenic 
animais, for example in mice. The nucieotice sequence cf the human arc rat VEG- 
gene? inducing tne 3'-'JTR (UTR = untranslated region) are cesenbed in Levy, J. 
Biol. Chem. 271 (1996), 25492-25497 and 2746-2752. Furthermore, the nucleotide 
sequence of the o'-UTR cf the human VEGF gene can be obtained from the 
GenBank data base (accession no. Y08736). 

The present invention a;so relates to recombinant DNA molecules comprising 
regulator/ sequences which are substantially identical to that of the VEGF 3'-UTR or 
to a 3'- UTR of a homologous gene cr to fragments thereof ana which are able to 
contribute to hypoxia reguiatec expression in vivo in mice cr other mammals. 
S^cn regulator/ secuences diner at one Dr more positions from the aco^ e-menticnec 
regulatory sequences but still have tne same specificity, namely they comprise tne 
same cr similar sequence motifs responsible for tne above described expression 
pattern. Preferably such "ecu late n/ sequences hybridize to one cf the above- 
mentioned regulatory sequences, most preferably under stringent conditions. 
Particular;'/ preferred a~e regulator/ sequences v/nicn sha^e a: leas: S:^T —ore 
p-e'e-aoly 2- l-dz 2 . anc — os: pre*eraoK -^-92- V =e:uerce ident.t> with one cf the 
IPC-* e-ment;onec reguiatcrv secuences an: ~ave tne 'egulatcy crcoerties as 
":esc:;::ec aoc , o Guoh -egJatmx- s ecu en pes also comprise those •/. n.oh are 
analcgues or are derivatives, and differ, for example by way of nucieotice oeleticnfs;, 
nserticms • suostituticn, s . sdcifort s\ arc. or recombination ( s > and/c.- amy c:~e- 
— oc ;ti atio^ ( s : kn^wn ;• • me s- r h either aione r ;.~ " r^:. v, ^h x" : ~m — th e aoc v .'e 
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nucleotide sequence cf the regulator/ sequences of the invention are well known tc 
the person SKiliec in the an and cescnoed, for example, in SamorooK (Mciecuiar 
cloning: A Laboratory Manual, Seccna Edition, Cold Spring Harbor Laboratory Press, 
Cold Sonne Harccr N v ("989)). All such fragments, analogues and derivatives or' the 
regulatory sequence of the invention are included within the scope of the present 
invention, as iong as the essential characteristic regulatory properties as aefinea 
above remain unaffected in kind. It is also immediately evident to the person skilled 
in the art that further regulatory sequences may be added to the regulatory 
sequences of the invention. For example promoters per se, transcriptional enhancers 
anc/cr sequences which allow for induced expression of the regulatory sequences of 
the m venter may oe empicyec. A suitable inducible system is for exampie 
tetracvoiine-recuiated cere expression which :s described oy, e.g., Gossen (Prec. 
Nati. Acad. Sci. USA ;1L9A = 547-5551; trends Biotecn. 12 (199-1). 55 -52} 
Further* regulatory sequences comprise sequences which influence the specificity 
and/cr level of expression, for example in the sense that they center cell and/or 
tissue specificity or developmental!'/ anc/cr incucibiy regulated gene expression. 
Such sequences can be located upstream of or comprising the transcription initiation 
site, sucn as a promoter, but can also be located downstream thereof, e.g., in 
transcribed but untranslated leader sequences. 

The term "promoter" refers" to the nucleotide sequences necessary for transcriotion 
iritatior, i.e. PNA pclv~er=se binding, and also induces, for example, the TATA 
box. 

The term "in vivo" for the purpose of the present invention is used for ceils in an 
organism as opposed to ceiis growing in culture [in vitro). 

T ine term "heterologous" with respect tc the DNA sequence being cperat:vely linked 
tc the promoter of the invention means that said DNA sequence is not naturally 

.irkeu to the regu.ator.- :u--.:- : ;- :o~m sed m t~e reocr-bman: LVvA molecule 
the :: . ertior . 

in a ereterrec embedment of me inventor, saic second regulator-/ sequence is 
seiec* ed mem the grout sr.r.sistmg or 

yA T\A sequent os comprising a m: electee sequence as given ;n 5E2i ID NO. 1, 
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(b) DNA sequences comprising the nucleotide secuence of the 3'-untranslated 

region from the human or rat VEGF gene; 
<c\ DNA sequences comprising a nucleotide sequence which hybridizes with a 

nucieotice sequence of (a) or (b) under stringent conditions and which is capable 

of regulating hypoxia induced expression in vivo; 
id) DNA sequences compristng a nucleotide sequence which ;s conserved in the 

nucleotide sequences of (a) and (b); and 
:e) DNA sequences comprising a fragment, analogue o r derivative cf a nucieotice 

secuence of any one of (a) to (d) caoaole cf regulating hypoxia induced 

exoression in vivo. 

In another preierrec embodiment said first reguiatcny secuence cf the invention 
compr.ses an, AP-1 omding site, an SPi binding site, cr a Hypoxia inducibie Factor 
(H!F)1 binding site or any combinaticn(s) therec:'. r/cst preferably, said first 
regulator/ sequence comprises an AP-1 and an HIF1 oinCing site. 

in a furthe- preferred embodiment of the invention said first reguiatcny sequence is 
derived from a promoter of hypoxia inducible genes, genes encoding growth factors 
or their receptors or giycoiytic enzymes. Preferably said growth factor is VEGF, 
POGF or Fibroblast growth factor. 

Expression comprises transcription cf the DNA secuence, preferably into a 
ransiotable m R N A . F.eguiaton/ elements ensuring expression in euKaryotio del:s, 
preferably mammalian ceils, are well known to those skilled in the an. They usually 
comprise promoters ensuring initiation of transcription and optionally poiy-A signals 
ensurmc te^mmabc- of transcription and stabilization of the transcript. Additional 
-egui .toy. — ; -a, : - :e transcriptional as we'! .1; ransiaticr a; ennancars. 
p-e'e-ab;, sa.a \.rt:ser regu.aton/ secuence s a - n ma. p-::~dten brererab.y derived 
'rem -\ ; d" ~hes ; -- pro — ote r s can ne combined w r h me ^egu ; a to p.' sequences of the 
•nvent.cn in order to mediate hypoxia inducible gene expression cr heterologous 
DMA sequences. 
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,n accordance with the present invention it has oeen surprisingly found that hypoxia 
meciatec gene expression is not confined to one particular region of the VEGF gene 
cut that regulatory sequences in the promoter and in the 3' untranslated region of the 
VEGF gene contribute to nypcxia mediated expression. Moreover, the results 
obtained in accordance with the present invention revealed that when both, the 
regulator/ sequence of the VEGF promoter and that of tne 3' untranslated region of 
the gene, are operatives/ linKed to a heterologous DNA sequence (in this case a 
recortsr gene) this leads to an unexpected synergistic effect in that a significant up- 
recuiation of the expression of the heterologous DNA sequence is achieved under 
hypoxic or ischemic conditions. 

Thus, .n a particularly prefe-ed embodiment said firs: regulator/ sequence 
comprises a DNA sequence selected from the group consisting of 
(a} DNA sequences comprising the nucleotide sequence as given in SEG ID 
NO. 2. preferably from nucleotide \ to nucleotide 230; 

(b) DNA sequences comprising the nucleotide sequence of tne human or rat VEGF 
pro meter; 

(c) DNA secuences comprising a nucleotide sequence which hybridizes with a 
nucleotide sequence of (a) or (b) under stringent conditions and which is 
caoaoie of regulating Hypoxia induced expression in vivo; 

(d ) DNA secuences comprising a nuclectice sequence which is censer/ed in the 

nucleotide sequences of (a) and (b); anc 
(e) DNA sequences comprising a fragment, analogue or derivative of a nucleotide 

sequence any one of (a) to (d) capable of regulating hypoxia inducible 

expression in vivo. 
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consensus site potentiate the hypoxic induction mediated by HIF1. By employing 
site directed mutagenesis, t was shewn that this potentiating erect is surprisingly 
due to an AP 1 bincing site homologous to that round in the promoter of the anoxia 
inducible VL3C retrotransocscn. which has been describee recently (Estes, Exp. Cell 
Res. 220 (1995), 47-54). AP 1 could be demonstrated to interact with this cis- 
element under both ncrmoxic and hypoxic conditions ana constitutive binding of the 
AP i complex to the "potentiating" c/s-eiement under both ncrmcxic and hypoxic 
conditions is consistent with the observation that the -1176/-1015 fragment is unable 
to confer hypo ia-respensiveness on its own in resetter assays. These results 
ootalned in accordance with the present invention suggest that a comolex cell-type 
specific regulation cf VEGF gene expression occurs under nypo<:c ccnciticns. 
Aithcucn AP 1 has been snewn to be hypoxia-inducible in both its DNA-binding and 
transactivation capacities in, e.g., HeLa (Rupee, Eur. J. Biocnem. 234 (1995), 632- 
640 and Peo3B {PraohaKar. Brain Pes. 537 (1995), 255-27C) celis. no alterations in 
AP 1 function could be shown in ether cell lines (°rabhakar. Brain Res. 697 (1995), 
265-270). Thus. AP 1-meciated modulation cf gene e<press;on in response to 
hyoc<ia may occur in a cell-type specific manner. Taken together the results 
obtained in accordance with the present invention have shown that the binding 
consensus fcr HIP 1 is crucial fcr hypoxia induced transcriptional activation of the 
VEG r gene, "he complete icss of mducibility anter internal deletion cf this c/s- 
e'ement. '^cwever, is a novel *" nci~g and is in contrast to tne results previcusiy 
pubiishec for rat and human VEGF genes in PC 12 and Hep33 ceiis, respectively 
(Levy. J. Bid. Chem. 270 (1995), 13333-1334C; Forsytne, Mci. Cell Biol. 15 (1996), 
4604-4513). Csing mutations cr deletions cf the Hir 1 bincing consensus both 
authors found residuai inducibiiity cf a reporter gene in vitro. Furthermore, in contrast 
:o t~e expectations a~d irte^oretatiens of the oner art. upstream secuences have a 
erect :r : ■ a rductio". which can be attnbutec :c binding sites o' 
v\: :::::: :: . - • ::;r:; such -h : - APT Ths e:;-:: -a, he par - cei.-lvce specrT; 

" - '■ - ■ h ;t.-v. . . . - : *.h.e * *" ' ' n: ' : • *- :: - " ' ' • — 

-ypcx.a. 

■~ c r'urtrer prefer e^podi^r - . th*-* ^rorrr^tuLS CNIA. socuence of the aoove- 

...... l ... . . . , •• -^ptir n rwe ; n -nhsens" R\A. 
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sense RNA anc/or noczyme. The recombinant DNA molecule or vector of the 
invention can be used alone cr as cart of a vector to express heterologous DNA 
sequences, which, e.g., encoce proteins other than VEGF, in cells of the blood 
vessel wall, i.e. endothelial ceils, or in neuronal ceils, for, e.g., gene therapy or 
diagnostics of vascular diseases such as atherosclerosis or determination of the 
oxygen tension cf a ceil, tissue or organ. The recombinant DNA molecule or vector 
containing DNA secuence encoding 3 protein of interest is introduced into the cells 
which in turn produce tee protein of interest, preferably upon hypoxia induction. For 
example, secuences encoding t-PA (Pennica. Nature 301 (1982), 214), p21 cell 
c>c!e inhibitor (Ei-Dery, Ceil T 5 (1993), 317-323). or nitric o:ice synthase (Brect, 
Natune 3-7 (1990), 758-77C) may be cperatively linked to -he regulatory sequences 
or the invention and expressed in tne ceils. For example, thrombolytic agents can be 
expressed uncer the control of the regulator/ sequences of the invention for 
expression by vascuiar encotneiial ceils in biocd vessels, e.g., vessels occluded by 
aberrant olood clots under hypoxic conditions. Other heterologous proteins, e.g., 
protems which inhibit smooth muscie cell proliferation, e.g., tnterferon-y and atrial 
natriuretic polypeptide, may be specifically expressed in ceils in the hypoxic state to 
ensure the deliver/ a*" these therapeutic peptides to an atherosclerotic lesion cr an 
area at risk cf ceveiccing an atherosclerotic lesion, e.g., an injured blood vessel, 
^he hyooxic reculatorv seauen.ces o* the invention may also be used in gene theraoy 
to promote angiogenesis to treat diseases such as aeripherai vascular disease cr 
coronary artery disease :!sner, Circulation 91 (1995), 2537-2592). For example, the 
regulator/ secuences ot" the invention can be coeratively imkec to sequences 
encoding cellular growth 'actors which promote angiogenesis, e.g., VEGF, acidic 
fibroblast growth factor, basic fibroblast growth factcr and the like. 



"actor 'HRF' . tissue bias 'thro ;;on activate", c2 1 ce.i cvo.e nhibito", ~it~;c cxico 
synthase, intereror-v, atnai natriuretic pciyoeptioe, p53, proteins encoded by 
aooctos.s inducing genes cf the bc:2 family, and mcnccyte chemcracbc crcteins. 
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In another particularly preferrec embodiment of the invention, said protein is a 
sccrable marker, preferably iuciferase, green fluorescent protein or ft-galactcsidase. 
This embodiment is particularly useful for simple and rapid screening methods for 
compounds and substances described herein below capable of modulating the 
hypoxia regulated gene expression. For example, glioma cells can be cultured in the 
presence and absence of the candidate compound in orcer to determine whether the 
compound affects the expression of genes which are under the control of regulatory 
sequences o* the invention, which can be measured, e.g.. by monitoring the 
e-.pressicn of the abcve-mentionec marker, it Is also immediately evident to those 
skilled in tne an that other marke r genes may be employed as we:!, encocing, for 
e/amrie, seiectacie marke r which provide for the direct se:ect:or. of compounds 
wnicn induce : ' r.~:c.t the expression or sa:c marker. 

The regulator/ sequences of the invention may also be used in methocs of antisense 
therapy. Antisense therapy may be carneo out by administering to an animal or a 
human patient, a recombinant DNA containing the regulator/ sequences of the 
invention operably linked to a DNA sequence, i.e. an antisense template which is 
transcribed into an antisense RNA. The antisense RNA may be a short (generally at 
least 19, preferably at least 14 nucleotides, and opt ora.ly up to 100 or mere 
nucleotides j nucleotide sequence formulated to ce ccmp'emeotary to a portion of a 
soeoinc mRNA se:uence. Standard methods 'elating to ant'sense technology have 
been described (Melani, Cancer Res. 51 (1991), 2897-2901). Fciiowing transcription 
of the DNA sequence into antisense RNA, the antisense RNA binds to its target 
m.RNA molecules within a cell, thereby inhibiting translation of the mRNA and down- 
regulating expression of the protein encoded by tne mRNA. For example, an 
antisense secuence ccmclemeotary to a cortlrm o* or a! ! o* the VEGF m.RNA 
^■r^a-i. 0 rmcgor.o 6 i 1 99 * 1 '5 77-1 652 wouic mrvb t the expression of VEGF, 
.v". ;n .v ..: ; — ':; t a -r g v: ge n os . s . 9uch .rtt. ; v- :■■ themp ; • , be usee to 

treat canoe-. part;-:, u.ar v to mhibit angiogenesis at re s.te cf a so.ic tinier, as. wei! as 
ctner pathogenic :onc:tions which are causae bv or exacerbated by angiogenesis, 
em . idnnnaon diseases such ns rheumatoid arthritis . and olabet'C retinopathy. 
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inntcitinc ceii orciiferaticn. and therefore, angiogenesis }; coagulation factors such as 
von Willebrand factor; and ceil adhesion factors, such as ICAM-1 ana VCAM-1 
(Bennett. J. Immunol. 152 (1994), 3530-3540). 

Thus, in a further preferred embodiment cf the present invention, said antisense 
RNA cr said ribozyme are directed against a gene involved in vasculogenesis and/or 
angiogenesis and/or turners wnich require neovascularization. 

in a turner emDcdiment, the invention relates to nucleic acid moiecuies of at ieast 15 
nucieotices in length Hybridizing specifically with a regulatory sequence as 0 escribed 
above or with a complementary strand thereof. Specific hybrid. zation occurs 
oreferabw under stringent condit.cns and implies nc 3r very little cress-hybridization 
with nucleotide sequences having no or substantially different regulator/ properties. 
Such nucleic acid moiecuies may be usee as prcbes and/or for the control of gene 
expression. Nucleic acid probe technology ;s well known to those sailed in the art 
wno wiil readiiy appreciate that such probes may van/ in length. Preier-ed are nucleic 
acid probes cf 17 to 35 nucleotides in length. Of course, it may aiso be appropriate 
to use nucieic acids of up to 1 CO and more nucleotides in length. The nucleic acid 
probes of the invention are useful for various applications. On the one hand, they 
may oe usee as PGR primers fcr amplification cr regulator/ sequences according to 
the invention. Another application is the use as a hybridization probe to identify 
regulator/ sequences hybridizing tc the regulator/ sequences of the invention by 
nomcicgy screening of genomic DNA libraries. Nucleic acic moiecuies according to 
this preferred embodiment cf the invention which are complementary to a regulatory' 
sequence as describee above may also be used for repression of expression of a 
gene comprising such regulator/ sequences, for example due to an antisense or 
tr.pie heiix effec: or for the construct on of appropriate nbozymes (see. e.c., EP-31 0 

up pro p" ate target s-tes ;iro co treses rem. g r:bc zvmes oa r oe c o r e us ^.^scr.c^u c 
example n Steinecke. Ribczvmes, Methods in Gel! Bicicgy 50. Galbraith ot ai. eds 

,'.>'■{' " .'. i ■ • mm i" ; j "• ri ^^ r :;p';"' 1 n ^ f | ntmh n nucleic ac'd prone wn~ a^ 
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creser.ee of a "ucleic acid moiecuie cf the invention in a sample derived from an 
organism. 

The above described nucieic acic molecules may either be DNA or RNA or a hybric 
:herecf. Furthermore, said nucieic acid molecule may contain, for example, thioester 
cones and/cr nucleotide analogues, commonly used in oligonucleotide anti-sense 
approaches. Said modifications may be useful for the stabilization of the nucieic acid 
molecule against endo- and/cr exonucleases in the cell. Said nucleic acid molecules 
may be transcribed by an appropriate vector containing a chimeric gene wnich ailows 
for the transcription cf said nucleic acid molecule in the cell. Such nucleic ac;d 
molecules may further contain noccyme sequences which specifically cleave the 
(pre)-mRNA comprising the regulatory sequence cf the invention. Furthermore, 
ciigcnuclectices can ce cesicned which are complementary to a regulatory 
sequence of the invention (triple helix; see Lee, Nucl. Acids Res. 5 (,979), 3072; 
Cooney. Science 241 (1985), 455 and Den/an, Science 251 (1991), 135C;, thereby 
oreventing transcription and the procuction of the enccdec protein. 

The present invention aisc relates tc vectors, particularly piasmtcs, cosmids, viruses 
and bacteriophages used conventionally in genetic engineering that comprise a 
recombinant D N A moiecuie of the invention. Preferably, said vectcr is an expression 
vector and/cr a targeting vector. Expression vectors derived 'rem viruses such as 
retroviruses, vaccinia virus, adeno-associated virus, herpes viruses, or bovine 
papilloma virus, may be used for ce.ivery of the recombinant DNA moiecuie or vector 
of the invention into targeted cell pcpuiaticn. Methods which are well known to those 
skilled in the art can be used to construct recombinant viral vectors; see, for 
example, the techniques described in Sambrcok, Molecular Cloning A Laboratory 
Manua:, Ccic Seme -amor Laboratory (1359; N.Y. and Ausubei. Curre-.t Protocols 




"re present invention furthermore re.ates to host ce:!s transrermec with a DNA 
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host ceil may either ce integrated into the genome of the host cell or it may be 
maintained extrachrcmcsomaily. In tnis respect, it is also :c be understood that the 
recombinant DNA molecule of the invention can be used for "gene targeting" and/or 
"gene replacement", for restoring a mutant gene cr for creating a mutant gene via 
homologous recombination. 

The host eel] can be any prckaryotic or eukaryotic cell, such as a bacterial, insect, 
fungai, piant, animai cr human ceil. Preferred fungal ceils are, for example, those cf 
the genus Saccharcmyces, in particular those of the soecies S. cerevisiae. Suitable 
mammalian ceil lines comprise Sacs-2 human osteosarcoma cells (ATCC HTB-35), 
He La human eoicermcid carcinoma cells {ATCC CRL-7923). HecG2 human 
hepatoma ceils i ATCC H3-3065 ), numan fibroblasts 'ATCC CRL-1 634). CS37 
numan histiocytic lymohoma cei;s (ATCC CRL-7929], r^D human embryonic 
rhabdomyosarcoma ceiis (ATCC CCL-136). MCF7 human breast adenocarcinoma 
cells (ATCC H73-22;, JEG-3 human choriocarcinoma ceils (ATCC HB36), A7r5 fetal 
rat aortic smooth muscie ceils (ATCC CRL-^.444), N!H 3T3 mouse fibroblasts (ATCC 
CRL- H 55S} HE 3 33 (ATCC HB SC64), C6 (ATCC CCL 1G7) and GS 9L obtainable 
from, the American Type Culture Collection. °riman/-cu;ture HUVEC may be obtained 
from Genetics Ccrp. ;"San D ego, CA) and can be grown in EG VI medium containing 
2% fetal caif serum (Cicnetics). Primary-culture human aortic and intestinal smooth 
muscie ceils can also be obtained from Clonet;cs Corp. .V.ost creferably said host cell 
Is a glioma cell o-- derived there*rom, or a primacy eel!, tumor cell, spheroid cell, 
aggregate cell, stem: ce i cr a differentiated cell altncugh any ether animai, prer'erabiy 
mammalian ceil may be appreciate as weil. 

Moreover, the present invention re-ates to a pharmaceutical composition comprising 
at least one or' the afore™enticned recombinant DMA molecules cr vectors of the 
:nvent;c\ oihor a.cte or .n com:: nation, and optiona.l/ a bha™.aceut:cai,y 

such as oiVwater emuis:ons. various tyoes cf evening agents, sterue solutions etc. 
Compositions comprising such carriers can be formulated by well known 
conventiona: memoes. These ch armaceutica : ccmpcsit ; or\3 can be administered to 
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electee by different ways, e.g., by intravenous, intraperitoneal, subcutaneous, 
intramuscular, tcpical or intradermal administration. The dosage regimen wiil be 
determined by the attending physician and other clinical factors. As is well known in 
the medical arts, dosages for any one patient depends upon many factors, including 
the patient's size, body surface area, age, the particular compound to be 
administered, sex, time and rente cf administration, general health, and other drucs 
being administered concurrently Dosages will vary out a preferred cosace for 
intravenous administration of DNA is from approximately 10 5 to 13" ccpies of the 
DNA molecule. The compositions cf the invention may be administered locally or 
systemicaliy Administration wiil generally be parenterally, e.g., intravenouslv; DNA 
may a; so be ac ministered directlv to the target s.te, e.g., by b.c ist.c deliver/ to an 
rtemai or externa: target site or by catneter to a site in an artery. 

It is envisaged by the present invention that the various recombinant DNA molecules 
and vectors cf the invention are administered either alone or in any combination 
using standard vectors and/or cere delivery systems, and optionally together with an 
appropriate compound, for example VEGF, and/o- together with a pharmaceutical!'/ 
accectabie carrier or excipient. Subsequent to administration, said recombinant DNA 
molecuies may be stably integrated into the gencme cf the mammal. On the other 
hand, viral vectcrs may be used which are specific for certain ceils or tissues, 
preferably for the endothelium and persist in said ceils. Suitable pharmaceutical 
carriers and excipients are well known in the art. The pharmaceutical compositions 
prepared according to the invention can be used r'cr the prevention cr treatment or 
delaying of different kinds of diseases, which are related to the expression or 
overexpression of hypoxia regulated genes. 



ccmbhcec c: r-jccmbmart JNA mclec^io cr ~ r cf the .rvventon in gene 
by. MJitaoie gene delivery systems may : nc;uce liposomes, receptcr-meciated 
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accomplished using a biciistic delivery system, such as that cescrioed by Williams 
(Froc. Natl. Acad. Sci. USA 88 (1991}, 2726-2729). 

Standard methods for transfecting cells with recombinant DNA are weil known to 
those skilled in the art of molecular biology, see. e.g., WO 94/29469. Gene therapy 
ana antisense therapy to prevent cr decrease the development of atheroscleras;s or 
inhibit angiogenesis may be carried cut by directly administering the recombinant 
DNA molecule or vector cf the invention to a patient cr by transfecting endothelial 
ceils wth the recombinant CNA moiecule tir vector of the invention ex vivo and 
infusing the transferee cells into the patient. Furthermore, researcn pertaining to 
cene transfer into cells of the germ line is one cf the fastest growing fields in 
reproductive ciclogy. Gene therapy, which is oased cn introducing therapeutic genes 
into ceils fov ex-vivo c m-vivc techniques is cne of the most important applications cf 
gene transfer. Suitable vectors and methods for in-vitrc or in-vivo gene therapy are 
■described in the literature and are known to the person skilled in the art; see, e.g.. 
W094/2945G, WO 97/0C957 cr Schacer (Current Opinion in Biotechnology 7 (1996). 
635-540} and references cited therein. The DNA molecules and vectors comprised in 
the pharmaceutical composition of the invention may be designee for direct 
introduction cr for introduction -/a liposomes, or viral vectors (e.g. adenoviral, 
retroviral} containing said recombinant DNA moiecule into the ceil. Preferably, saic 
ceil is a germ line cell, emcryon c cell, cr egg ceil or derived therefrom. The 
pharmaceui.cai compositions according the invention can be used for the 
treatment cf diseases hitherto unknown as being related to hypoxia regulated cene 
expression. 

;t is to :e understood that tne introcuced recombinant DNA molecules and vectors of 
• ... -.-.en. tic n express the hotemipgous DNA secuerce iher •m-cdi_oti:n into saic 
c S: l arc preremmy remain, n mis status cunnc the 'herim.;- c; sac ee l -or example, 
ceil -res wmim stably express re -ommicgoLS DNA .no- tr- centre, of the 
• . ; .. t x : -o; Ut ir.ce ' x •: ,r. .e:".:cr. may ;o exci- oere-J acporc:-.-: :.: — v.hcds 
-no.v- to those skilled ir. me «r. . Father man using axprassfcn vectors which contain 
viral c horns replication, host ceils can be transformed wit p. tne recombinant DNA 
... :-/pnt.o" and a spectacle -x,u<-x oimer :x tne same c 
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allowed to grew for 1-2 days in an enriched media, and then are switched to 3 
selective media. The seiectabie marker in the recombinant piasmia confers 
resistance to the selection and aiiows for the selection of cells having stably 
integrated the plasmid into their chromosomes and grow to form foci which in turn 
can be cioned and expanded into cell lines. This method may advantageously be 
used to engineer ceil lines whicn express the heterologous DNA sequence under the 
control of the regulator/ secuence of the invention, and which respond to VEGF 
and/or hypoxia mediated signal transduction. Such engineered ceil lines are 
particularly useful in screening compounds capaole cf modulating hypoxia mediated 
gene expression. 

A number of selection systems may be used, including bu: net imited to the herpes 
simplex virus thymidine kinase (Wigier, Cell 1 1(1977), 222), hyoo anthine-guanine 
pnosphcripcsyltransferase (Szybalska, Proc. Nat!. Acad. Sci. USA 43 (1952), 2026), 
and adenine phosphoribesyitransferase (Lowy, Cell 22 (1980), 317) in tk\ hgprr or 
aprr ceils, respectively. Also, antimetabolite resistance can be used as the basis cf 
selection for dhfr, which confers resistance to methotrexate (Wigier, Proc. Nat!. Acad. 
Sci. USA 77 (1980), 2557; O'Hare, Proc. Natl. Acad. Sci. USA 73 (1981), 1527), gpt. 
which confers resistance to myccpnenclic acid (Mulligan, Prcc. Natl. Acac. Sci. USA 
73 ;7 93 1 2272), r.eo, which confers resistance to the aminoglycoside G-415 
(Colberre-Garapin, J. Mol. 3ici. 150 (1931), 1); hygrc, which corners resistance to 
hygromycm 'Santerre. Gene 30 (1254), 147); or puromycin (pat, purcmycin N-acetyl 
transferase). Additional selectable genes have been described, for example, trpB, 
which aiLows ceiis to utilize indole in place of tryptophan; nisD, which allows cells to 
utilize histinol in place of histidme (Hartman, Proc. Nat!. Acad. Sci. USA 35 (4 983), 
SC47); and CDC (ornithine decarboxylase) which confers resistance to the ornithine 
::ecsrccxyase inh:c;:c-. 2-i din u — netny^CL-omnmne. DFMO M:C '9?7. 
im Current Communications in Molecular 3:oicgy. Coid Spring ".-m Laocratcny 
. r: .y On me c:re: nanc, re :>r: skilled :n :no an may aiso use toe necu. atony 
sequences o: re -mention to "knock cut" an endogenous gene ^^rrry icenticai 
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The present invention also relates tc compositions comprising at least one of the 
aforementioned recombinant DNA molecules or vectors, and in the case of 
diagnostic compositions, optionally suitable means for detection. Said compositions 
may further contain compounds such as further piasmics, antibiotics and the like for 
screening transgenic animais and/or animal cells useful for the genetic engineering 
of non-human animals, preferab-.y mammals and most preferably mouse. The 
diagnostic comccsitions of the invention may be used for methods of detecting and 
isolating regulatory secuences whicr. are a functionally equivalent to regulatory 
sequences c:' the invention capable of modulating hypoxia inducible gene 
expression. 

The present invention a.sc relates to a metr.cd for the production of a transgenic 
antra!, preferably transgenic mouse, comprising introduction of a recombinant DNA 
mc;ecu;e or sector of the invention into a germ cell, an embryonic ceil or an egg or a 
cell derived therefrom. The non-human animal tc be used in the method of the 
invention may be a ncn-transgemc healthy animal, or may have a cisease or 
disorder, preferably a disease or disorder which is dependent on neovascularization, 
such as a sciid tumor, retinopathy, arthritis or psoriasis. Said disease or disorder may 
be an inborn insufficiency or naturally developed or caused by genetic engineering, 
for instance oy the expression of a DNA sequence encoding a protein involved in 
neuronal development and/or diseases as describee above, preferably unbe~ the 
control of the regulator/ sequence of the invention. 

The invention a;so relates to transgenic non-human animals such as transgenic rats, 
hamsters, dogs, monkeys, rabbits or pigs comprising a recombinant DNA molecule 
c- vector of the invention or obtained by the met u od described above, preferably 
.vr.erem said recombinant DNA moiecule is stably integrated into the genome or said 
non-m-mar animal, preferaciv sucn mat the presence cr said -ecomoin.an: DNA 

DNA sequence by the requiatorv sequence of the invention. 
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expression has different functions in different stages cf ohysicicgical and 
oathciogicai conditions, it is new possible to determine furtr.er regulator/ secuences 
which mav oe important for the up- or down-reguiaticn of hypoxia inducible genes, 
for example in specific tumors. In addition, it is new possible to in vivo study 
mutations which affect different functional or regulator/ aspects of hypoxia regulated 
gene expression. 

The m vivo studies referred to above wiil be suitable to further broaden the 
knowledge on the mechanisms involved in hypoxia anc/or ischemia. To date, it is 
known that deprivation of oxygen and nutrients leads to organ and tissue ischemia 
followed by ceii death and necroses. Organs which depend on postmitotic ceils for 
crepes function (e.g. cardicmyccytes in the heart arj neurons in the brain) are 
;rrevers:biy destroyed bv icng lasting ischemia leading to infarction and stroke. 3lcoc 
vessels occluded by atherosclerotic processes or thrombi cause these life 
threatening diseases. The self-defense and reparative processes of the bocy 
involving new blood vessel (collateral) formation, vessel dilatation and plaque 
removal are too slow :c protect cardicmyocyte and neuronal ceil death. Heart carciac 
infarction, stroke and peripheral artery disease are the most common ciseases cf the 
Western world. The functional integrity and formation, (angiogenesis) of blood 
vesseis is regulated b> tissue hormones and growth factors wnicn themselves are 
activated by iocai nypo>;a, ischemia or injury.. Short oencds of excenmental ischemia 
■whicn by themselves have no detrimental effects in organs such as the heart have 
been snown to have beneficial effects. This effect is Known as preconditioning. As 
has been demonstrated in accordance with the present invention the regulating 
sequences described herein account for hypoxia inducible ucregulation of a 
heterologous TNA seoue-me more mccrur ge^e' m/okec in the :egu ; ation cf 
m/ccxia om : isohem:a. and thus n the phecona:ticmrm response, 'bus, recombmart 
ANA molecule comer s nc a "-racout systo~ ocera:;-.eiy i~k.cc to at least one 
-,•/:;.. s£-eh- . -;oc ;: mcd.atmg --r y \: -000:0 yu r ischemic 

ihducibie expression cf said readout system, preferably the recombinant ON A. 
molecules of the invention can be usee to identify new lead comcounos which trigger 
me rhtmtiiCTr:: response- c speech the sur/iva :'j"c::cns :f tne organ m the 
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absence cf hypoxia/ ischemia prior to an anticipated life-threater.ing infarction cr 
stroke. 

Accordingly, the present invention further reiates :c a method for the identification cf 
an agonist/activator and antagonist/inhibitor of genes cr gene products involved in 
hypoxia and/'cr ischemia comprising the steps cf: 

(a') providing an animal or human ceil or tissue, or a non-human animal comprising a 
recombinant DNA molecule comprising a readout system operatively linked to at 
least one regulator/ sequence capable of mediating or regulating hypoxia and/or 
ischemia incucicle expression cf said readout system, wherein said regulator/ 
sequence is preferably a regulatory sequence of the invention; 

(b) culturing said animal cr human ceil, cr tissue or non-human animal in the 
presence cf a sampie comprising a plurality of compcunds under conditions 
which permit inducible expression of said readout system; 

(c) identifying a sampie and compound, respectively, which leads to suppression or 
activation and/or enhancement cf expression of said readout system in said 
animal cr human ceil, or tissue, a non-human animal. 

The term "read cut svstem" in context with the present invention means a DNA 
sequence which upon transcription and/or expression in a ceil, tissue or organism 
provides for a sec ra pie a id /or seiectaole phenotyce. Sucin read out systems are we!! 
known to those skilled in the ar, anc comprise, fcr example, recombinant DNA 
molecules as describee aocve. 

""he term "plurality cf comcouncs" in a method cf the invention is to be understood 
as a plurality of substances which may or may not be identical. 

Said plurality cf compounds may be comprised in. fcr example, samples, e.g., celi 

extracts from, e.g., plants, animals c microorganisms. Furthermore, said compounds 
may oe known in ;ne art but hitherto n^t Kh.cwr* to be :aosb ; e cr suppressing sr 

animals. 

If a sample containing a plurality or compounds Is identified in the method cf the 

. n ve n t : o n . then ; t : s e \ th e r pc ss ; Pi o tc is oiate the cc mp c u n d tr p m tn e original sampie 
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enhancing the transcription of a hypoxia regulated gene, or one can further subdivide 
the original sampie. for example, if it consists cf a plurality of different compounds, so 
as to reduce tr.e number cf different substances per sampie and repeat the method 
with the subcivisions of the original sample. It can then be determined whether said 
sample or compound mimics or suppresses the cellular effects of hypoxia. 
Depending on the complexity of the samples, the steps described above can be 
performed several times, preferably until the sampie identified according to the 
method of the invention oniy comprises a limited numoer of or only cne suostancefs;. 
Preferably said sampie comprises substances cf similar chemical and/or physical 
properties, and most preferably said substances are icentical. 

,n a preferred emocdiment cf the method cf the invention saic recombinant DNA 
molecule comprising said read out system is a recombinant DNA molecule as 
cescribed in the embodiments hereinbefore. 

In a further preferred emocdiment cf the method of the invention said animai or 
human ceil, tissue or non-human animal is a cell, tissue or transgenic non-human 
animai described in the embodiments hereinbefore. 

In a particularly preferred embodiment of the methoc of the invention said 
recombinant DNA molecule comprised in said animal or human cell, tissue or non- 
human transgenic animal is introduced into the genome by transfection, 
transformation, eiectroporaticn, infection or particle bcmoardment. 

Determining whether a compound is capable of suppressing or activating and/or 

enhancing the t "inscription of a hypoxia regulated gene can be dene, for example, in 
mice by monitoring the "ecorter gene. It can fur*th; 

said b e h a v i o r m a v be c o m p a re d to t K a t c f a t r a n s o ^ n 
with a compound which is either known to be capable 



be ccne by monitoring the 
e invention ; :cn::,;:e:: with the 

:c ron-human animai contactec 
or incapable of suppressing cr 
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art can monitor tr.e physical behavior. The compounds identified according to the 
metncd of the invention are expected to be very oeneficial since for the treatment of 
heart isenemia and peripheral artery ciseases so far only approaches using bcius 
injections or infusions of recombinant VEGF or, alternatively, gene therapy have 
been used and there is only limited success due to the hign turnover cf the protein or 
limited e>pressivity cf transduced genes. In summary, the present invention provides 
methods for identifying compounds which modulate hypoxia inducible gene 
e>pressicn. For example, activators cf hypoxia Inducible expression may oe used in 
processes such as wound healing; in contrast, antagonists of expression may be 
usee in trie treatment cf turners tr.at rely on vascularization for growth. Compounds 
found to downreguiate expression of a VEGF gene can be used in methods to inhibit 
angiogenesis. wmie compounds found to enhance hypoxia mediated expression can 
be used in methods to promote angiogenesis. for example, to promote wound 
neaiing e.g., heaiing c: broKen cones, burns, diabetic ulcers, ard traumatic or 
surgical wounds) or :c treat peripheral vascular disease, atheroscieros.s, cerebral 
vascular disease, hypoxic tissue damage (e.g., hypoxic carnage to near: tissue), 
diabetic pathologies sucn as chronic skin lesions, or coronary vascular disease. 
These compounds can a.sc be used to treat patients who have, or have had, 
transient iscr.em.ic attacks, vascular craft surgery, bailoon angioplasty, frostbite, 
gangrene, cr poor circulation. Compounds identified as having the desired effect (i.e. 
modulating hypoxia inducible expression) can oe tested further in appropriate models 
cf angiogenesis which are known to those skilled in the art. 

in a pre-errec embodiment of the method of the invention the induction cf hypoxia is 
performed by modulation of G 2 oartia; pressure, or conferred by a compound capacle 
- — imicking the cxvge--sens:ng ore signal transducing mechanism in a ceil, 
p re-erao.v cooaitous cnlcnoe, cesfe~ examine, giucose and nutr.o^t aepnvatiom 
^e^rnnlv. \.\ :: compound t^ed £ cr n -..c r/: -imicKing ejects cr hypoxia :s a 
-ypcx:a-inc^c;b.e ' . :x.' = J' a • • : \3dtcr ; HRF' 1 a "ut: v ; ac:c 

~o:ecu-e e-ccomg eitner r said 'actors ooerativeiv i;n-;ed tc recu : a:or/ eiema-t? 
aiiowPd expression c* said rucie'O acid moieouies in saic mammaiian ceT 
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The ccmpcur.ds identified cr obtained according tc the method of the present 
invention are to be expected very useful in diagnostic and therapeutic applications. 
Thus, in a further embodiment the invention relates to a compound obtained or 
identified accoraing to the method cf the invention said compound being an 
agonist/activator of hypoxia inducible gene expression and/or function or an 
antagonist/inhibitor of hypoxia inducible gene expression and/or function. Given the 
therapeutic value of the compounds identified in accordance with the above- 
described method the present invention also relates to a method for the production 
of a pharmaceutical composition comprising the steps of the method of the invention 
and a step of formulating the so identified compound in a pharmaceutical/ 
acceptable form. 

jhe therapeutically useful compounds identified according tc the method of the 
invention may be administered to a patient by any appropriate method for the 
particular compound, e.g.. orally, intravenously, parenteral! 1 /, transdermal^, 
transmucosally, or by surgery or implantation (e.g., with the compound being in the 
form cf a solid or semi-solid biologically compatible and resorbable matrix) at or near 
the site where the effect of the compounc is desirec. For example, a saive cr 
transdermal patch that can oe directly applied :c the skin so that a sufficient quantity 
of the compound is aoscrbed to increase vascularization !cca:ly may oe used. This 
method wculo apply most generally to wounds cn the skin. Saives containing the 
compound can be applied topically to induce new blood vessel formation locally, 
thereoy improving oxygenation cf the area and hastening wound healing. 
Therapeutic doses are determined to be appropriate by one skilled in the art. 

furthermore, dentincaticn cf transacting factors which interact with the regulatory 
sequences cf the rver.t : cn can form the caS;S :'cr the ceveicpmen: of rove 
therapeutics 'or mcouiatind nypox.c conditions associated with., for examcie 

transacting 'actors :s carried out using standard methods in the art (see. e.g.. 
Sambrook. supra, and Ausubel, supra- or methods as cescribed in the appended 
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cut. crder tc identify a transacting factor which binds to the regulator/ sequence cf 
the invention, the regulator/ sequence can be used as an affinity reagent in standard 
orctein purification methods, cr as a probe for screening an expression library. Once 
the transacting factor is identified, modulation of its binding to the regulatory 
sequences of the invention can be pursued, beginning with, for example, screening 
fcr inhibitors cf transacting factor binding. Enhancement of hypoxia inducible 
expression in a patier.t, arc thus enhancement cf angiogenesis, may be achieved by 
administration of the transacting factor, or the gene encoding it (e.g.. in a vector for 
gene therapy). In addition, if the active form of the transacting factor is a dimer, 
dcminant-negative mutants of the transacting factor ccuid be made in order to inhibit 
its activity. Furthermore, upon identification of the transacting factor, further 
components in the pathway cf hypoxia signal transcucticn can be ic entitled. 
Modulation of the activities of these components can then be pursued, :n order to 
develop acditicnai drugs and methods for modulating ceii growth and angiogenesis. 

Besides the identification of transacting factors it is aiso immediately evident to the 
person skilled in the art that antibodies can be raised against the compounds 
den:. fed accorcing tc the method of the present invention. Thus, the present 
invention also reiates tc an antibody specifically recognizing the compound cf the 
present invention. 

Mcrcctcr.ai antibccries san be precared T for example, oy the technicues as originally 
described in Kohler and Milstem, Nature 255 (1975). 495, and Gaifre, Meth. 
Enzyme!. 73 (1931), 3, which comprise the fusion of mouse myeloma ceils tc spleen 
ceils derived from immunized mammals. Furthermore, antibecies cr fragments 
thereof tc the aforementioned MCPs gt their receptors can be obtained by using 
methods which are described, e.c, in Harlow and i_3~e "Antibodies. A Labcrator/ 
. ', CS~ Press. Cc:d 3cnng -arbour, '938. These ant:bcd:es may be 

iV'oreover the d resent invention relates to a oharmaceutica! or diagnostic c c moos it! on 
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antagonists/inhibitors and/cr antibodies and optionally a pharmaceutical^ acceptable 
carrier or suitable means for detection, respectively; see supra. 

Further, the present invention relates to the use of the recombinant DNA rr,oiecule, 
vector, cell, pharmaceutical compositions, diagnostic compositions or a transgenic 
ncn-numan animal of the invention for the identification of a chemical and/or 
biological substance capable cf suppressing or activating and/cr enhancing the 
transcription, expression and/or activity of hypoxia regulated genes and/cr its 
expression products. 

In a preferred embodiment, the cnemical cr bioiogical substance used in the 
metncds anc uses of the present invention is se:ectec from the group consisting of 
peptides, proteins, nucleic acids, antibodies, small uig^ino compounds, hormones, 
neural transmitters, peetidomimics, anc PNAs (Milner, Nature Medicine 1 (1995), 
37S-83C; Hupp. Cell S3 (1995), 237-245; Giobs, Ceil 79 (1994), 193-193). 

The p-esent invention further relates to a method of inhibiting a vascular disease in a 
subject, comprising contacting an anery of said subject with the recombinant DNA 
molecule cr vector cf the invention, wherein said protein reduces or prevents the 
development of the vascular disease, anc wnerein preferably said protein reduces 
proliferation of smooth muscle ceils. 

In a further embodiment the present invention relates to the use of a recombinant 
DNA moiecule, vector, nucleic acid molecule of the invention, compound and/cr 
antibecy of the invention for the preparation of a composition r'or directing and/cr 
preventing expression cf genes specifically curing or after hyoo> ;a induction and/cr 
tor trie preparation cf a pharmaceutical composition ocr treating, preventing and/cr 
delavmg a v nscuiar d : sease. camutc infarct o r ctrooe. fr : scnem; : preconditioning c: 
organs aodor tissues, ?c e r hancoa ancicoenesis. arteroce^es s. :o lateral gmw:'" 
u* arteries ard/cr ischemic to Sena nee or for the simulation of hypoxia function, and/or 
her treating. preventing and/cr delaying a tumorous disease in a subject. 
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in a *urtner em be dinner,!, the present invention relates :o the use of a recombinant 
DNA molecule, vector, nucleic acid moiecule compound and/or antibedy of the 
invention for the preparation of a pharmaceutical composition for inducing a vascular 
disease in a non-human animal or in a transgenic non-human animal described 
above. 

In an additional preferred embodiment of the methods and uses of the invention, the 
vascular disease is seiectec from the group consisting of arteriosclerosis, coronary 
artery ciseases, cerebra, occlusive diseases, peripheral occlusive ciseases, viscera* 
cccusive diseases, renal artery diseases, mesenterial artenai insufficiency, 
cpthaimic and retinal occlusions and the tumorous cisease is selected from the 
group consisting of ccicn carcincma. sarcoma, carcinoma in oreast, carcinoma in the 
head/neck, mesothelioma, glioblastoma, lymphoma and meningeoma. 
Further possible methods and uses in accordance with the present invention will be 
evident to the person skilled in the art and are described in, for example, 
WO 95/13237, WO 9-/t1499 and WO 37/00957. 

The recombinant DNA molecules, vectors, nucleic acid molecules, compounds, uses 
and methocs of the invention can oe used for the treatment of ail kinds of disorders 
and diseases hitherto unknown as oeing related to o r dependent on hypo>;a 
regulated genes or ger^.es involved in ischemia genes. The recombinant DNA 
molecules, 'vectors, nucleic acid molecules, compounds, antibodies, methods and 
uses of the present invention may be desirably employed in humans, although 
animal treatmen: is also encompassed by the methods and uses described herein. 
Thus, the present invention provides for the use of a regulatory sequence as defined 
above for enhancing a~d'or directing hypoxia regulated gene expression. : n eeiis ir 
any -ire o~ eucar/ctic oroanism. 

7 " o o "j and erne- embedments are disclosed and encompassed :y tne oescrpt; jr. 
and examples of the present invention. Further literature concerning anv one of ;he 
methods, uses arc compounds to be emniovod in accordance with tne present 
i-.vem ; o~ 'nay oe removed from cucro ilomnoo. using *'cr oxamcie electronic devices. 
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internet, for example under http://www. ncbi.nim.nih.gov/PubMed/rnecJine.htrril. 
Further databases and addresses, such as http://ww.v- ncbi.nlm.nih.gov/. 
http:/7www. infobicgen.fr/, http://wwv/.fmt.ch/bio]ogy/research_:cois.html, 
http://www.tigr.orc/, are known to the person skilled in the art and can also be 
obtained using, e.g., http://www.iycos.com. An oversew of patent information in 
biotechnology and a survey of relevant sources of patent information useful for 
retrospective searching and for current awareness is given in Berks, TiBTECH 12 
;i994}, 352-364. 

Abbreviations: VEGF, Vascular Endothelial Growth Factor; hVEGF, human VEGF; 
EPO, Erythropoietin; H:F, Kypcxia-induc;bie factor; A? 1. Activator prctein V ATF, 
Activating transcription factor; bZiP, basic leucine zipoer; br.LH. basic helix-loop- 
hs!ix; PAS, pencd-ARNT-singlemindec; AhR, Aryihycrccarocn-Pecepior; ARNT, 
AnR Nuclear Translocate r; TCDD, 2.3T A-tetracnlcrcdibenzo-p-dicxin; XRE, 
xenobictic response element; aa, amino acid, UTR, untranslated region; VHL, von 
Hippei-Lincau; PNP, perinecrctic palisading. 

The figures show: 

Figure 1: (a'. Alignments for mcuseVEGF 3' untranslated region vs r.umanVEGF 
3'-UTR. 

(bt Alignment fcr mo use VEGF 3' untranslated region vs rat VEGF 3"- 
UTR. 

Figure 2: LacZ reporter cere constructs usee in the analysis o* mechanisms 

up regulating VEGF expression in vivo. T'~e length cf the mouse VEGF 5' 
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r^svU : R ;c) and PI 120U \ R (d). Sections were counterstainec with 
neutral red. Necrosis - N. The bars represent 2Cmm. 

Figure 4: In situ hybridization of a wild-type GS9L tumor. 

Sections were hybridized with antisense riboprcbes for VEGF (a, b) and 
HiF la (c-f). Brightfieid and darkfiela images of necrotic areas of the 
same sections are shewn in a and b and c and d. A higher magnification 
of a non-r.ecrotic area is shown in e and f. Ccntrci hybridizations with a 
sense probe for H1F 1a are shown in g and h. Arrowheads point to the 
pai;sad:ng cells surrounding necrosis (NT;. 7- viable tumor tissue. 7he 
oars represent 20mm. 

Figure 5: il-galactcsicase histocnemica! staining and EF 5 immuncstaintng of a 
tumor derived from P A 130U7R transfected GS9L glioma cells. Serial 
sections were stained for expression of the iacZ reporter gene (a) and for 
the presence of hypoxic regions with an antibody directed against EF 5 
(b). Necrosis - N. The bars represent 20mm. 

Figure 6: Potentiating sequences for hypoxia induction of the human VEGF gene 
are oresen: between bp -1 1 76 and -101 5. Deletion analysis of the 
human VEGF c remoter was performed and the constructs were testec in 
transient transfection assays in Co glioma ceils. Transfecticn and 
hypoxic incubations were earned out as cescribec in Example 3. The 
oosition of the human VEGF promoter fragments relative to the 
transcription initiation site is indicated on the left side. The -fold induction 
oy nyozxia summarized on the right side represent:, the ratio c* recorte" 
gene activity detained under hvpox : c versus -crmcxic conditions. Each 

:ran bf'jc::cn s. 

Figure 7: Pctentintinc sequences are not able tc confer hvco>:a 'esconsivpr.t^ss to 
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Transfecticn and hypoxic incubations were earned cut as described in 
Example 3. The position of the human VEGF promoter r'ragments relative 
to the transcription initiation site is indicated on the left sice. The -fold 
induction by hypoxia summarized on the right side represents the ratio of 
reporter gene activity obtained under hypoxic versus normoxic 
conditions. Each bar represents the mean value + SD of at least three 
independent transfections. 

Figure 8: The potentiating effect of sequences between -1176 and -1Q15 on 
hypoxia ; ncucticn is due an AP 1 consensus binding site. Site cirected 
mutagenesis was performed cn a luciferase ~usion construct containing - 
1 1 75 op cf human VEGF 5' flanking sequence to create internal 
deietiens and point mutations cf putative binding sites for the AhR- 
ccmplex (Xenobiotic Response Element- XRE) or AP 1 -transcription 
factors. The resulting expression vectors were tested in transient 
transfecticn assays in Co glioma cells. Levels of induction by hypoxia are 
given relative to that obtained' for the wildtype (-1176) construct. A 
sequence comparison fcr both the XRE and the AP 1 binding sites as 
wei! as the point mutations introduced are snown in b. Transfecticn and 
hypoxic ;ncubat:ons were carried cu: as cescribed in Example 3. Each 
bar represents the mean value of at least three independent 

transrectiens. E°G- En/thropcietm 

Figure 9: Mutations interfering with the "potentiating" function prevent formation of 
a distinct DNA-prctein-complex. Eiectrophoretic mobiiity shift assay was 
oerfomrec as describee in Example 5. Nuclear extracts were prepared 

Figure 10: An A" 1 consensus binding site competes for DNA-pr ctein-compie < 
mrmaticn at the "pote-nating" secuences. Ccmpet:t:cn anaiysis of the 
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is incicated py an arrcwneac. 

Figure 11: The prctein complex at the "potentiating" element consists cf members 
of the Fos- and Jun-famiiies of transcription factors, (a) Supershift 
analysis cf the hVEGF oligonucleotide was performed as described in 
Experimental Procedures. Nuclear extracts were prepared from normcxic 
(N) or hypo<ic (H) Co ceils. The AP 1 ccmpiex and supersnifts are 
■ncicatee by arrowheads. Use of oligonucleotides point-mutated in the 
AF 1 bincir.g site (mutations see Fig. 9) demonstrates specificity of the 
jLr.-supershift fcr the slowest migrating complex (b). 



i he examples illustrate the invention. 

Example 1: Construction of reporter gene constructs comprising the 3*-UTR of 
the VEGF gene 

To assess the possible contribution cf the H!F 1 transcriptional enhancer site and the 
3' mRNA stabilization element cf the VEGF gene to the expression cf VEGF in 
gliomas, four reporter gene constructs were produced trat exoress fl-gal (Fig. 2). 
Expression vectors were constructed (pSDK lacZ; Schiaeger, Development 121 
(1995;., 1C39-1QG3) using a Kozak/Shine-Daigarno/'lacZ/ SV40-pclyA-cassette ( which 
contains a nuciear locaiiza: on signal. 5' flanking sequences of the mouse VEGF 
gene (nucleotides 469 to 1247 of GenBank accession nc. U41383) were obtained 
from pV5NBg:63, a su'cciore resulting from a screen of a }_FiXil genomic library 
f 3 C34 teratc carcinoma cei' line, Stratacene) with a mouse VEGF cDNA crooe 




primers 5'-CC7GG~GGGAGC , C i GGGCAG-3' (human sequence. 3™G ID NU. 3) 
arc c'-GACTTTGAG-CTCCCAAATAATTG-S' ;SEG ID NO. 4. anc the Perkin-Elmer 
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eioncation. The clcnec PGR product was reampiified with an upstream mouse primer 
(S'-CTGGCGTACCTACCTTTCTG-S'; SEQ ID NO. 5). The fragments obtained from 
the Genomic clone and by PCR reamplification were fused using the common Saci 
site and cloned in front cf the lacZ cassette. Deletion of the HiF 1 binding consensus 
sequence was obtained by BsaAi restriction digestion. For generation of lacZ 
constructs bearing the mouse VEGF 3*-UTR a 2.4kb Hindi/ Hindlll-fragment of a 
>.FlXll genomic cionewas subcloned behind the lacZ gene. Fusion to the stop-codon 
was achieved by in vitro mutagenesis using the last 3Cbc cf the lacZ gene and the 
first 137bc of the mouse VEGF 3'-UT? as the mutated 
oligomer: CATTACCAGTTGGTCTGGI'GTCAAAAATAAGCCAGGCTGGCAGGAAG 
G AG C C T C G CT C A G G GTT~C G G G AA C C AG A C CT CTC AC C G G AAAG A C C G ATTAA 
CCATGTCACCACCACGCCATCATCGTCACCGTTGACAGAACAGTCCTTAATCCA 
G AAA, G C C T G A C A T (SEQ ID NO. 17). 

Mutagenesis was performed using the M13 in vitro mutagenesis kit (BICRAD) 
accorcing tc the manufacturers instructions. The SV4C promoter was derived from 
the pGL2 oromoter vector (Promega). AH'plasmid constructions were verified by 
dideoxy sequencing according to standard procedures known in the art. The reporter 
constructs ?1 130 and PG15 were designed to investigate the rcie of the 5' regulator/ 
region, and in camcuiar tne HiF 1 enhancer tincing site. P1120 ncludes the 
consensus b ; nd";nc site for the Hypoxia-inducible *'actor 1. whereas Fr15 lacks this 
site cut contains more proimal 5' sequences. Both of tnese constructs utilize the 
pclyaderyatlor, site from SV 40. Two ether constructs addressed the contribution of 
the 3* untranslated region cf VEGF. PsvUTR utilizes a generic 5' promoter region, 
derived from tne SV40 early region, linked to the lac-Z gene, followed by the 3' 
untranslated -eoion cf "re VEGF cere. P1 130UTP utilizes the VEG~ 5' regulator/ 
region, inducing tne ~!- * site, a. one w:tn the VEGF 3' region. 

Example 2: Characterization of hypoxia mediated repression in v/fro and in 
vivo 
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Lawrence University New York State) were cultured in RFK\ 1640 supplemented 
with 10% fetal calf serum. 5x10° cells were transfected by electrcpcraiion with lOpc 
cf linearized lacZ reporter piasmic and 1ug cf selection plasmid (pSV2Nec' ; 
containing the npt gene allowing the selection for G413 resistance. After 48 hours, 
cells were split into RPMI 1640/ 10% fetal calf serum containing 0.5mg/mi G418. 
Selection was performed on 96 well plates and arising clones were expanded. For 
genotypmg cells were lysed in proteinase ?'J PCR-iysis buffer (McMahon, Cell 62 
'1990). 1073-1085) anc PGR analysis was performed using the lacZ specific primers 
5'-7CCTCTGC ATGG7CAGGTC-3' (SEQ ID NO. 5) and 

5 , -CG7GGCC7GA77CA77CC-3' (SEQ ID NG. 7) and the Perkin Eimer System (s. 
above). 1.5m\1 .VlgCX 3' S5°C denaturaticn; 20 cycles; 30" 95°C denaturaticn; 30" 
55°C annealing; 45" T 2°C elongation: and thereafter 1' 95°C denaturacom 2' 72 3 C 
elongation. An in * it: j expression analysis cf tne selected clones was performed 
under rcrmoxic and hypoxic (1% 0 : ; 5 To CO : , 94% N : for 13 hcurs in a Forma 
Scientific/Labotect culture system (Mocei 3C15)) conditions. Ceil clones expressing 
the reporter gene under normoxic conditions or not expressing the reporter gene 
under hypoxic conditions were emitted from further analysis. 

Clones showing hypoxia-inducible expression of iVga! were inccuiated into 
syngeneic rats arc 1 the resultant tumors analyzed histologics. ly for recover gere 
e<:pressicn. Subcutaneous transplanted on into syngeneic Fischer 2« rats, excision 
■:f tumors and embedding were performed as described (Plate, Cancer Res. 53 
1993), 5322-5327). For detection cf k-galactcsidase activity, 10mm cryostat 
sect ons cf tre tumors we.'e fixed in 2% paraformaldehyde in PIPES-buffer (0.1M 
PIPES, C.5M MgC! 2 , 0.2M EGTA, on 5.9) for 5 minutes at room temperature. 
Staining was performed overnight at 37°C in 10mM each potassium ferrocyanide/ 
ferricyanide ImM MgCC C.02% X-ga! in ^ES. Sections were counte-stam.ed w : th 
neutral red. Controls no! j dec s:a;n^.g o: sections with neutral red ^niy anc: 
ir.cubaticn c : :3 S 9 2 wXjtyoe turrcr sec:: ens w : tn X-Gul. mmun. ccucrescan :o 'or E : -" 
5 z/cs performed essentia!!'/ as drsrnrea rv C'aleh ~ r * . Cancer ~ec. cf X 3952 
5222-6225;. Ceil clones preselected fur .ncucibie reporter uene expression in v:trc 
were foima tc snow regulated opressicn in wo as assessed by (1-gaiactosicase 
s:ainry on sections. ~or detection cf regions of lew oxygen name: pressure in tne 
tumcs 1% c: the rat rcedv mass 2" 5 . \Ya.e.\ Cancer Res. be : ' -ec . ^222X225- 
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was given intravenously as a IQmM sclution in PBS. Three hours after injection the 
animai was narcotized, the turn. or was removed, Immediately ccoiec in ccid PBS and 
embeddec in Tissue-Tek (Miies Scientific). EF 5 and the corresponding antibody can 
be obtained from Dr. Cameron J. Koch, Department of Radiation Oncology, 
University of Pennsylvania, Philadelphia. The analysis of tumors derived from P1 130 
transfected ceils (Table 1, Fig. 3b) revealed weak fl-gal expression only in PNP cells, 
indicating that this pan of the VEGF 5' flanking region is sufficient to drive the 
expression of the reverter gene to this distinct ceil ocpuiaticn, albeit at a lew level. 

7~able 1: Association of reporter cased fi-galactosidase staining with oerinecrotic 
oaiisacing (PNP) cells in experimental GS9L giicmas. Staining cf paiisading cells 
was visual!/ evaluated ever the necrotic areas of several sections, the overall 
appearance cf the staining o* paitSciuiiiy ceils is indicated by - (no staining;; (weak 
staining, cniy cart of the °NP ceiis stained); ~+ (strong staining of many PNP cells) 
and (intense staining of all PNP cells). 
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in contrast, no IVgaiactosidase staining was detectable in sections of tumors derived 
from F915 :ransfected cells (Table ■ , Fig. 3a). Since the binding site :cr Hlr 1 was 

absent in mis ccnsmoct, the observation argues for an inveivemem of Hi— 1 binding 
in the transcrioticnai aci'vat'cn c: 7EGF gene expression in a seiic tamer in vivc . 
At next ;ne exoressioii :f me : -.F G: m.RNA was invest. cared by in situ hybricizaticm. 
m situ ~vcm::za::o~. a* me seomms x m a xRNA p:3be for GEG*- J o4 '/.as perrormoo 
arter fixation in - G parafcrmaieenyce as deseneec (Ereier. Deveioomer: 1 14 {1992'). 
52v5:2'j. The oRNA arose for moose HiF la was obtained by reverse transcription 
PGR on cytoplasmic R\A sreoarec from L929 eels wms.o had been exposed to 
mpoxio cono:::o"S ;m 2 "com. G/toolasmaac RN ! A was ::^i:rir :d acrrT-r r -> 
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Samorock, reverse transcription using suoer-script™ reverse transcriptase (Life 
Technologies) and ciigo dT 17 X-primers was performed according to the instructions 
of the manufacturer. A 591 bp fragment containing the PAS A and B domains of the 
protein was amplified using the degenerate primers PAS B3' 
(S'-KGTGGTSACTTGTCCTT-S"; SEQ ID NO. 8) and PAS A 5' 
(S'-GATGGYRAjvIATGATYTACAT-S'; SEQ ID NO. 9) cecucec from the human 
sequence JVVang. Proc. Natl. Acad. Sci. USA 92 (1995), 5510-5514). 
in Fig. 4c a strong signal for HIF la mRNA is seen in the PNP cells, similarly to 
VEGF mRNA (arrowheads in Fig. 4o and d). However, intense hybridization signals 
for HIF 1u mRNA were aiso detected in other parts of the tumor (Fig. ^e and f). This 
oosen/aticn of relatively uniform expression of HIF 1a mRNA is in accordance wth 
the finding of YVenger et al., who did not find any variation of HIF la mRNA 
expression ieveis in response to nypoxia in vitrc (YVenger. Kidney int. (1997), 560- 
553:. Collectively their in vitro and our in vivo analyses suggest an additional level of 
regulation of HiF 1 activity. Recently, Huang et al. reported that HIF 1 activity 
depends on the stabilization of its a subunit (Huang, J. Biol. Chen., 271 (1996), 
32253-32259). 

The weak 3>-gaiactos;dase staining cbsen/ec in the P113C tumors is in accordance 
with the moderate transcriptional activation of VEGF gene expression ooser/ed in 
response to hypoxia in C5 g::cma cells in vitrj Ykeda. J. 3ici. Chem. 270 (1995), 
197 r : 1 -1 975c). This result ;s. however, in clear contrast to the h:gr^ levei of VEGF 
mRNA cetecteo in PNP ceds of sciic tumors. Thus additional mecnanisms are 
implicated in the upregulation of VEGF gene e>pression in the PNP ceiis of gliomas. 
Based on in vitro indications, we tested the possible contribution of the 3' 
untranslated region of the VEGF gene to PNP cell-specific expression in gliomas, 
using *he GS9L cells stably transfected with FsvYTR and P J 13017^-. Sections of 
tern its perivec rrom PsvUTR transfectea ceii cicnes snowed an intense G>- 
alaotcs case staging ::f F\F ce.ls. nrsompi.ng tno patter" found for YEG~ mR.NA n 
m - ti: "'.::r : ::'73*xr:: V7:bT 1. ~7j. 3: and r Y nd:cat nj mat tne : -TR contains 
regulatcnv sequences tnat encit expression in PN^ ce:ls. Even hiyner levels of fl-gai, 
as assessed py Y-gai staining of tissue sections, was observed in PNP-cells of 
turners derived from ~1 1 30UTR transfected ceii sicnes {Table 1 F'g 3YY this 
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These coservations suggest that major regulator/ sequences for VEGF gene 
expression in PNP cells in vivc are located in the 3'-UTR. Levy et ai. (Levy, J. Biol. 
Chem. 271 (1996), 2746-2753; Levy, J. Biol. Chem. 271 (1996), 25492-25497) as 
well as Shima et ai. (Shima, J. Bid. Chem. 271 (1995), 3377-3883) have reported 
the invoivement of VEGF 3' untranslated sequences in the regulation of RNA stability 
under hypoxic conditions in vitro. Thus the strong PNP cell-specific expression of the 
3'-UTR :acZ fusion constructs in experimental GS9L gliomas implies a major 
contribution of mRNA stabilization to the upreculation of VEGF gene expression in 
this tumor type. 

The result that the combination of 3' untranslated sequences ana the 5' flanking 
control region (P113CUTR) ieacs :c a further increase in the e>oression of the 
reporter gene v/hen compared :c PsvL'TR or P1 13C tumors suggests cocperativity in 
the regulator/ mechanisms governing the increase in VEGF expression in PNP cells 
of gliomas. This combination of regulatory mechanisms would facilitate the rapid 
response to minor changes in the oxygen partial pressure by HIF 1 mediated 
transcriptional activation (Jiang, Am. J.. Physiol. 271 (Cell Physiol. 40) (1996), C1172- 
C1 130; followed by the production of large amounts of VEGF from stabilized mRNA 
under longer lasting hypoxia (ikeda, J Bioi. Chem. 270 (1995), 19751-19766). EF 5 
immunofluorescence specific for hypoxic regions overlapped with :Vgalactosidase 
staining on P113GUTR cenved tumors (Fig. 5). This finding in ccn.uncticn with the 
result that in vitro hyocxia-incucib.e mechanisms elicit VEGF uoregulation in PNP 
ceils cf giiomas in vivo suggests that Hypoxia is indeed a major micrcenvironmental 
stimulus leading to increased expression of VEGF in this ceil type. 



Example 2: Deletional analysis of 
element 

As cuoiisnec creviCLS.y (Ikeda. ^. 3 
a:; : ng elements responsible fcr hyoc; 
giioma cells reside between bo -"V 



the human VEGF 5' hypoxia regulatory 

,c. Cr.em. 2 95 v 1 995;, 979 ' - ' 7 55 } the 

'.ic activation cf VEGF gene transcription in Co 

75 and -332 : n tne human VFGF 5' flanking 
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endothelial (L,u, Circ. Pes. 77 (1Q95), 638-643) and Hep3B (Fcrsythe, Mcl. Ceil. Biol. 
16 (1996), £604-4613) cells, and to the rat VEGF gene in PC 12 ceils (Levy, u . Biol. 
Chem. 270 (1995 ;, 13333-13340). To test the hypothesis that sequences other than 
the HIF 1 consensus binding site contribute to the hypoxic response in C6 cells, 
further deieticnai analysis of sequences between -1176 and -888 was performed. All 
deletion constructs and constructs carrying mutations were derived from the human 
VEGF Kpnl-Nhel-luciferase fusion construct previously described (iheda, J. Biol. 
Chem. 270 t1995i, 19751-19766). 5'-de!etions to -1 175, -1015, -973, and -888 were 
cbtainec by restriction enzyme digestion with Sac!, Pvull, BsaA;, and 3ani, 
respectively, in vitro mutagenesis for generation of internal mutations and deletions 
was earned out using the M13 in vitro Mutagenesis Kit (Bicrad) according to the 
manufacturers instructions. Co glioma ceiis (ATCC CCL 107) were propagated in 
Gulbecco's modified Eagles' medium (DMEM) supplemented with MV Q fetal calf 
serum (PAN- Systems). Transfections. hypoxic incubations and analysis of ceil 
iysates were carried out as previously described (Ikeda. J. Biol. Chem. 270 (1995), 
19751-19765 ;. Statistical calculations were carried out with the InStat 2.01 program. 
Compared to the hypoxic response of the -1175 construct, hypoxia induction was 
significantly decreased ;p<0.CO1) by shortening to bp -1 j15 (Pvull) (Fig. 5), although 
the HF 1 binding consensus remained intact Induction of the reoorte r gene 
express. on -a as completely abolished when the HIF " site was destroyed (-973; 
BsaA !) (Fig. 6). 

Example 4: Activation of a heterologous promoter 

To test whether the sequences referred to above are able. to activate a heterologous 

promoter : n rescense :c hypoxia, enhance" f moments c cm d rising bp -1 155 to -1315: 

cf the minima; SV-C promoter cf the pGL2 promoter vector (Prcmega;. Transfection 
experiments were perform en as cescribed in Example 3. In agreement with the 
obtained v.ith t-.e homr.ir.g-.us ruman VEGF promoter the -*C15/ -385 
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hypoxic response ccmcared to that of the -1176/-S88 fragment. Surprisingly, the 
fragment potentiating the HIF 1 mediated effect (-1 1 68/- 1 01 5) was not able to confer 
hypoxia responsiveness to the SV4G promoter on its own (Fig. 7). 

Example 5: Mutational analysis of conserved sequences 

To further investigate the rcie c- upstream secuences in hypoxia induction, the HIF 1 
binding site was deietec in the ccntex: of the fully responsive -1176 construct by site 
directed mutagenesis. This internal deletion comcletely abolished hypoxia induction 
'~ g. 6. -'175 AH!F), thus r'urther supocrting the finding that uc stream sequences by 
themselves are unaoie to center nypoxia responsiveness. This observation was 
made regardless of whether the homologous VEGF or the SV40 promoter were 
used. Addition of upstream sequences between -1 1 /b and -1U15 restored fu:i 
indue biiity. database searcr.es revealed a 6 bp element homologous to bp -77 to -72 
of the human EPO promoter iGen3ank accession no. M11319) in the region 
investigated. With the sequence TCACGC, this hcmolcgy resembles a consensus 
Xenctictic Response Element (/RE) reoorted to bind the AhRy'ArnLTCDD-compie < 
(VVhitelaw. ,VloL Cell. 3icL '3 ( 1 993). 25C4-2514). As tne AhR and HiF 1a share 
structural features, such as the ?AS domains and the cimerization partner Amt 
Wang. Proc. Natl. Acad. Ssi. L'SA 92 (1995). 55' 3-5514), it apoeared oossibie that 
another FAS domain protein complex olays an accessory ncle in hypoxia activation . 
Competition of the rvvo PAS domain proteins AhR and HIF la for Arnt recruitment 
has recently been receded, although activation or the AhR pathway was snown to 
have no influence on HI- 1 mediated hypoxic induction (Gradin, Mol. Ceil, Biol. 1c 
(1995), 5221-5231). In agreement with this finding, our transfection studies with a 
reocter gene construct lacking the /RE (-1122 to -1116), revealed ^c change in 
hypcxic induction {Tig. 3 A/RE; suggesting tnat fe AhR-oomole>: ; s net involved in 

seouo n ce -stretch (be -321 to - 3 " 2 ; wtn rYgn homciocv to ar element : n the no mar: 
EPO 2' enhancer. Neither redacement with the moose EPO sequence nor internal 
deletion of the motif hac an erect on the nycexia induction of tne human VEGF 
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potentiation of HIF 1 mediated hypoxic induction, interns! deletions and point 
mutations were introduced between bp -1176 and -1015. Comparison of analogous 
secuences of the human and mouse VEGF promoters revealed several conserved 
stretches of nucleotides. One of these (-1 1 31/- 1 1 23) revealed an 8 out of 9 bp 
homology to one of the recently postulated bZIP/ATF binding sites in the promoter of 
the anoxia inducible VL30 retrotranspcson (Estes, Exp. Cell Res. 220 (1995), 47-54). 
Deletion of this element in the -1175 construct (Fig. 5. DAP 1 ) significantly 
diminished (p=C.0G1) the hypoxia induction to the level obser/ed with the -1015 
deletion mutant (Fig. 8). The same oosen/aticn was maae using point mutations of 
the consensus site (Fig. 3, AP1M1 and API M2) previously described to prevent AP 1 
binding (Schuie. Ceil 61 (1990), 497-5C4). These results suggest that the AP 1 
consensus binding site is indeed tre element involve-: in hypoxia r.cucec gene 
e <press;on. 

Example 6: Transcription Factor binding to the regulatory sequence 

To determine which transcription factor(s) binding to the c:s-e: erne nt identified, 
electrocncretic mobility shift assays were performed. Nuclear extracts of ncrmoxic 
and hypoxic (13 hours, 1% oxygen) Co ceils were prepared according to Semenza 
and Wane {Semenza, .Yc;. Ce'l 3,c:. :2 (1992), 5^47-;454). Annealing, purification 
anc labeling of the oligonucleotides was performed as descr-bec (Leibiger, Biol. 
Chem. Hoppe-Seyler 375 (1994), 93-98). Incubation of the dcuble-stranded 
cligonucieotices hVEGF 5'-TGGCGGGTAGG i i i GAATCATCA^GCAGoC-3' (S:=Q 
ID NO. 10), hVEGF 5' DEL 5'-TGGCGGGTAGGTCACGCAGGC-3' (5EG ID NO. 11), 
API h\ 1 5—TGGCGGGTAGGTTAGAATCATCACGCAG GC-3' (SEQ ID NO. 12) or 




o:;coruciec:;oes AP 1 come 5'-CGCT7GATG ACTC AGC CGG AA-3' .;S-f J iu NO. 14). 
ATF ccmp 5 ' - A G A G A TT G C C T G A C G T C A G A. G A G C T A G - 3 ' i.SEQ ID NO. 15) or VL30 
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of the labeled prcbe. For supershift analysis 1ug of the respective antibodies was 
added to the completed reaction mixture and incubation was performed fcr 2 hours 
at 4"C. Antibodies directed against Jun-famiiy members (D), Fos-family members 
(K25), ATF-4 (Z5) and ATF-1 (25C10G) v/ere obtained from Santa Cruz 
Biotechnology. 

Incubation cf a doubie-stranded oligonucleotide spanning the putative AP 1 binding 
site with nuclear extracts prepared from ncrmcxic or hypoxic C6 cells did net reveal 
any differences in ;he binding pattern and affinity of the DNA-prctein complexes (Fig. 
1 i , lanes 1 and 2 .-. Point mutations (Fig. 9, lanes 2 and 3) or an internal deletion (Fig. 
9. iane 1 ) introduced into the oligonucleotide prevented the formation cf the slowest 
migrating complex in combination with the functional data this finding suggests that 
this complex meciates the potentiating effect. Three lines of evidence indicate that 
the proteins constituting the slowest migrating complex formed with hypoxic nuclear 
extracts belong to the Fos- and Jun-famiiies cf transcription factors: (1) Specific 
competition rcr this complex, was coser/ed with a 50-foid molar excess cf an 
unlabeled ciigonuceotide containing an AP-1 consensus binding site (Fig. 10, lane 
6;-, and less eff.cient competition using an ATF consensus site (Fig. 10, lane 5/ 
complete competition at IOC-fold molar excess, data not shown). (2) No complex 
formation was observed with point mutations known to prevent AP 1 binding (Schuie, 
Ceil 6" (1990), 497-504) (Fig. 9. lanes 2 and 3). (3) Supersnift anaysis revealed 
immunoreactivitv fcr Fos- and Jun-famiiy members in this compie> [F'g. 11a, lanes 5 
and 6). ^he speciicity of the partial Jun-supershift for this complex was proven by 
using the mutated oligonucleotides in the analysis: Prevention of formation of the 
slowest migrating complex did equally prevent formation of the supershift. The faster 
migrating completes are unaffected (Fig. lib). Similar results were obtained by 
using nuciear extracts vreosrec from normoxic cells. F : naily. no competition was 
oosen/ed fcr tne 72 3 2 oligonucleotide known to bine A" -4 jp anex.c fibroblasts 

In tne assays immunore activity was detected fcr both Fos- and Jun-fam.i!y members. 
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affinity of the aJun-antibccy to the rat Jun-protein present in the complex, when 
compared to the human c- : un it was raised against, would be one explanation for this 
obsen/ation. A more attractive model would be the steric hindrance of antibody 
binding to Jun by a third protein. As the epitope recognized by the antibody (aa247- 
253), and the binding interface for the coactivatcr p30C (up to aa246 fcr maximum 
binding, (Lee, Mol. Cell. Bioi. 15 (1996), 4312-4326)), are immediately adjacent, 
steric hindrance by the presence of o3CC appears possible. The coactivatcr p300 is 
known to provide physical links between enhancer bound transaction factors and 
the RNA polymerase II complex :Janknecht. Curr. Biol. 6 (1996), 951-954). Recently. 
It nas been reported that c3C0 is part cf the hypoxia-inducible h IF * complex (Arany. 
Proc. Nati. Acad. Sci. USA 93 (1 996), 12959-12973). To cate. the partner to which 
o330 bridges in this complex is unknown. Jun constitutiveiy ocun i to an upstream 
sequence would be an attractive partner. 

The present invention is not to be iimited in scope by its specific embodiments 
described which are intended as single ■illustrations of individual aspects of the 
invention and any DNA molecules, or vectors which are hunctionaily equivalent are 
within the sccoe of the invention . Indeed, various modifications cf the invention in 
adcitcn to those sr. own and described therein will become apparent to these skiliec 
in the art from the fc reccing description and accompanying crawmgs. Said 
modifications intencec to fail within the scooe of the appended claims. 
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sequence listing 



GENERAL INFORMATION : 

fl) APPLICANT: 

(A) NAME : Max-Planck-Gesellschaft zur Fee rde rung der 

Wisser.scnaf - sn, e . V . 
(3) STREET: none 
(C) CITY: Berlin 
(E) STATE : ncne 
( E ) C CUNT?. V : Gerna n y 
>f; POSTAL CCEE iE.1?) r "one 

, i. i ; TITLE CF INVENTION . Regjla::ry sequencer capable or r-2qula::r.q 
-v-pcxia inducible expression in vivc 

NTIV.BER CF SEGLEMCES : 1^ 

.:v; CC'GPYTEF READABLE FORM: 

:a: MEZILGM TYPE : Floppy d;s :-: 
E. I CM PUT EE : Z3>: PC -crr.pac lb le 

z: -:?e?at::;g system. ?c -eos/ms-ecs 

E : 31 FT WAP E . ?a:er.::r. Release = 1 . C , Versicr. S I . 3 C f E ? O ) 



:) INFORMATION FOP SEC; IE NC . I : 

(i;- segue nge characteristics: 

(A) LENGTH. 1451 base pairs 

(5) TYPE, nucleic a::i 

(3) 3TRA17CEENE33 : double 

(D) TOPOLOGY: linear 

! i i YCLE3ULE TYPE: ENA genome j 

'ill HYPOTHETICAL: ME 



Ixi; 3E1UEM3E EESEP I PT 1 1 N : SEC IE NO: 1: 
T3AGCCAGGC T33CAG3AAG GAG C3T 33 GT GAGGGTTTGG G G AAC G AG A G 3TCTCACCGG 5 C 



7AAATAAATA TATATGTTTT ATATATAAAA TATATATATA TT3TTTTTTT T > P- A TT A~. GT 
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GGAGGATGTC CTCACTCGGA TGCCGACATG GGAGACAATG GGATGAAAGG G TT CAG TG T G 54 0 

3TCTGAGAGA GG C GG AAG TC CTTTTGCCTC 3 IGGGGAGCA AGGAAGGGGA GGGCACGGGG 600 

3CACACTGG 3 T CAG TT C G A 3 AAACACGACA AAGGGATTGG TGGGGGTGAG TGAAGAGGAG 66 0 

AG AG AG AG AG ATGATGAGAG AGAAAGAGAT AAAG ATG G G G GTTCCAACCA GAAGTTTGGG 72 0 

GAGC3CCA3G ACATGCCATO GTTTGTGGAT C3CCATGATA GTGTAGAAAA 3CACCCCGCC 780 

C3TCT3GG3A CTGCCTGGAA GAATGGGGAG C ITGGCCAGC CTTCAGCTCG CTCCT OCACC 8 4 0 

TGTGAGGG 3 3 3 T A GG AG G G 3 TGGCAGAGGT GTGGGGGGAA GAGAAGACAG GGTGGTGGAA 90 0 

A G A G 3 3 AA 3 3 3 G G C A 3 3 A 3 C333AACCCC 3T3AGG 3 A GG 3 A3 A 3- AAAA 3 A 3 AAA 3T3TT 114 0 

TTAT ATAC 3 3 TACTTATTTA ATAGGGGTTT TTAATTAGAA ATT AAAA G A G 7TAATTTAAT 1 2 0 C 

T AAA. 3 A 3 T A 3 3 3TTTTTTTC AGTATTGTTG GTTAATATTT AATTTGAA3T ATTTATGAG A 12 5 0 

TGTATGTGTG G3TGTGTCTT ATTTGTAGTT GTGTGTGTGT GTGTGTGTGT GTGTGTGTGT 13 2G 

GTGT 3TGTGT 3 T ATG AAA 3" G TGT3TTT3GA ATCTCTCTCT CCCAGAT3GG TGACA 3T3A 3 13 3 0 

TAGGTTGTG 3 T 3 AG AAG A T A TTTAVTTTTG GTAAGAGTGA GCTCTGCCCT 3 3GTT 3TGGG 144 0 

G A 3 G A G A GAT T3CTTTGAAA TAA3GTTTGA A. TATA GAT TT AC AT A GT AT A TATAT ATTTG 15CO 

G G A A 3 T T 3- T 3 TTT3TATATA AATATACATA T AT AT AT AT G TTTAT3TATA. TATGT 3 ATT3 1560 

TGATAAJAATA GACATTGCTA TTCT GTTTTT TATAT GTAAA AA 2 .AAAA. Z AA G AAAAA T AG A 15 2 0 

GAATTZTAZ A. TACTAAAC3T CTCT3CTTTT TTAA.TTTTAA TATTTGTTAT 2ATTTATTTA 16 3 0 

TTGGT 3GTA3 TGTTTATGGG T AAT AATT G T GGGGG AAAAA GAT ATT AAG A TCACGTCTTT 1740 

GTCCCTAGAG GAGTTTTGGG A G AT ATT G G G TAGTACATAT TTATTTTTAA A CAG 3 AACAA ISO 3 

.AG AAA. T A G AG ATATATGTTA AAAAAAAAGC ATTTTGTATT AAA G A A TT G A ATTGTGATGT 1S5 0 



'■. 3 . G . 3 . . _ 3 . . j . AG A. AA^^A. . .-.■jG ( . 3 A _-T _ - 2 OAGGIGC TA-.C -GGA2-A 1 1 TO 

J AC AG 3TGTTGGCT 3 GACCTGG3GA 3 3 ATT T G G G G AT3CCGGG3A CATGGGAGGC 2 ISC 
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CCACTCGGAC 2 GTGTTTGGA T GTT T GAT AT AATAGCATTG TATCGAAATG TGGTTCTAC-A 2 3-40 

ATCTTACTCO TOATGATAAC AAAGGGC EGG GGNAAACACA GGGCTGGCTA GTATOOTTGT 24 OC 

AGTACCGATA GACTATGCCA CCTGCAAGAG GAGGGGAGGG GG AC AAAGGT T 24 51 

(2) INFORMATION FOR SEQ ZD NC : 2: 

(i; SEQUENCE CHARACTERISTICS : 

: A ) LENGTH : 1167 rase pairs 
;5; TYPE: nucleic acid 
:C) STRAND EDNES3 : double 
(D) TOPOLOGY: linear 

i U; >:CLECYLE TYPE: DMA (genomic f 

'in! HYPOTHETICAL: NO 

,xi; EEQYENCE EE SCRIPT 1 2N' : CEO 10 NO : 2: 

CTGGC 2TAGG TAGGTTTGTG AATG GTAGGG T AG G T TTG AA TEACCATGCC GGCCTGGCGC 60 

GGTTGTGGGG C GATTG 2 GAG CCTCC2TTCA GTT GGGTGGG AA.C ATCT ETG TGTGTGTGTG 12 0 

TGTGTGTGTG AGAGAGAGAG AT GAG GAG G A ACAAGGGCGT CTGTCTGGCG A3CTGTCTCT 13 0 

GGTTGAGGGG TGTGCGAGAG TACAGAGTGC ATACGTGGGT TTCCACAGGT CGTCTCACT2 2 4 3 

AAATTGT GTG 2AGAGAAG EC TCTCTGGAAA GTT GG GAG AG GATC 2GATTG AGGGGAGGGG 3 60 

OCT AG C T 2 GT 2-ATG A0T2 2A G A T GAG A2AA GG G GTG AG AT AAG C AT A 2T G CECCCC2 2GC 4 2 C 



GTAAGGCGCT 2GGGAGATAT AAACCTAGAG TTAT 2 GTT GG E AG GTG AAA C ACGCAACTTT 430 

TTGGGT 2TGT GTGTATGTCA GAAAGA2GCA ATTATTTGGG AGCTOAAAGT CTGCCGCAlCT 5 4 C 

2AAGAACCAA 2TGTGAG EGG ETTTG EAAGA 2 GCGTGGCAT TT G AG C AAG A GTTGGGGTGT SCO 

GCATAATGTA 2TCACTAGGG GGCGCTCGGC CATCACGGGG GAGATCGTGA ACTTGGGCGA 660 
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3 G 0 TT 3 G G G G T3GAGCTAGA TTTC CTCTTT TTCTTCCACC G OTGTTACCG GTGAGAAGCG 114 0 

CAGAGGCTTG GGG CAGE DC A GCTGGAG 115^ 

;2) INFORMATION FOR SEQ ID NO: 3: 

(i; SECCTENCE CHARACTERISTICS: 
(A) LENGTH : 21 base pairs 
(3) TYPE : nuclei: ac:d 
{C; STRANTEONESS : single 
■;c) TOPOLOGY: linear 

; - ; MCLECYXE TYPE: ether nucleic acid 

[A; DESCRIPTION: /iesc = ' c 1 igcreec 1 e c t: i ce " 

U;i; HYPOTHETICAL: YES 



■XI' SECCENCE DESCRIPTION: 3E0 10 NO: 3: 

[2] INFORMATION FOR SEC ID NO: 4: 

( i ) SEQ TEN C E CHARACTER 1ST I OS : 
[A] LENGTH: 22 base pairs 
(e: TYPE : nucleic acid 
•; 0 ; ST RAND EE NESS ; single 
(D) TOPOLOGY: linear 

; i i :■ MOLECYLE TYPE : ether nucleic acid 

:A< 0 ES OR I ?T I ON : /desc = " c I iccnuc lec _ ide " 

( il i ; HYPOTHETICAL : Y E 3 



ixil SEQUENCE 0E3CRIPTICN: SEC. ID NO: 4 
:-ACTTTOAGO TO EC AAATAA TTG 

;i INFORMATION FOR 3EI 10 NO: 5: 



yenie ihlaragteeigti 03 

LENOTH : 3 : :; i i; e p ;i : 
TYPE ; cue 3-.i - : in: 
GTRAJNDEONE 03 : e ir.g ; 
T3 POL JOY : . near 



MCLECYLE TYPE: ether nucleic acid 
[A.; DESCRIPTION. ,'ceec - 'dig- 



HYPOTHET' 
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;xi) sequence eescripticn; sec zz nc : 5: 

CTGGCCTACC TAYICTTTCTG 
(2; INFORMATION EC R SEC I- NO: 5: 



( 1 ) SEQUENCE CHARACTER I SZ ZCS : 
<A; LENGTH: 2C base pair: 
(3) TYPE: r.uciei: acid 

STRUANY0EENE5 3 : sing le 
TOFOLCGY : linear 



ill MOLECULE TYPE: c: 
■a; descr: PTIOM : 



nucle_c arid 
desc = ' oi igcr.uc ieot 1 de 



hypothec: 



(xi!- SEQUENCE EESCRIPTICN: SEQ IE NO: 6: 

ATECTCTGCA TGGTCAGGTC 

(2; I N FO R MAT I I N FOR SEQ 10 NC : 

;i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 13 base pairs 
(3) TYPE : nucleic acid 
;C) STRANOECNESS . single 
[Z) TOPCLOGY. linear 

; 1 i ) MOLECULE TYPE : oiner nucleic acid 

■A! EESIR: PTI IN : /desc = 'cdcc^c.s::::^' 

; ill) HYP I THET I CAL . YES 



• :•: 1 SEQUENCE EESCRI ?TI IN : SEQ ZD NO : 7 : 
CGTGGCETGA TTCATTCC 

i" :ne: po'atu ::: e :• ee; :i n<: : 



13 



A L EN ICY: 1' M .;e curs 

. 0 . TYPE : :x: le 1 

T ' IT'- AN! EI N EES - - n ; ^ 

■ C ) TCP0L2GY linear 



U EIYLE TYPE : 

a: cescript: 



?r nucleic acic 
■' ie sc - "3 Iitc"' 
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ix:; SEQUENCE DESCRIPTION : SEC ID NO: 3: 
KGTGGT3 ACT TGTCCTT 

i. 2) INFORMATION FOR SEQ ID NO: 3: 

; i ■ SEQUENCE CHARACTERISTICS : 
(A; LENGTH: 2C base pairs 
(3) TYPE : nuclei- acid 
i. C I STPJAt-TC EDNES3 : sir.gle 
<D) TOPOLOGY: linear 

MCLECUDE TYPE : o:her nucleic acid 

:A, DESCRIPTION : ,/desc - "' o 1 igcnuc 1 ec r i " 

HYPOTHETICAL: YES 



;xi; SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
GATGGYRAHA TCATYTACAT 

:z: infor.yattsn for sec id no : 10: 
:i; sequence characteristics: 

(A) LENGTH: 3C base pairs 

(3) TYPE : nucleic acid 

(. C! ST RAND EE NESS : single 

;o; TOPOLOGY: linear 

: i i Y.O LECULE TYPE: echer nuclei c acid 

(A; DESCRIPTION: /cecc = " o 1 i g c nuc 1 e z< c l d e 

;lli; HYPOTHETICAL: YES 



>;i 1 SEQUENCE DESCRIPTION: SEQ ID NO; 1C: 
TCGCGC-GTA3 0TTT3AATCA TCACCCA3GC 

:. il'ecpyati :n f':r se; id nd : i: : 

3D 2HAPA3TERI3TICC 
ENGTH : 31 case cuirj 
YPD : le . c a c id 

TPY0;DEDNES3 : single 
~ P L 0 3 Y ■ linear 

ii) X 0 LECULE TYPE : o r her nucleic a c i d 

A) D E3 IP. I PT lit* : .'desc -- ":D::cnu:>c:::^" 
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* x 1 ; 3 EQLTENCE D E3 CRT ?T ZZK : SEC; ID NO : 11: 

TGGGGGGTAG GTCAGGCAGG G 21 

[2) INFORMATION FOR SECJ ID NO: 12: 

;ii 3EQL HENCE CKOARAGTZRISTICS : 
(A) LENGTH: 3 0 case pairs 
(3) TYPE: nucleic acid 
(C) STRAGIDEDNESS : single 
(G; TOPOLOGY: linear 

ill j MODE Gin E TYPE: ccner nucleic acid 

(a; DESCRIPTION : /dese = "cl:gonucle3 f :ids" 

. i _ : . H Y P G TH E T I IAD : YES 



I xi) GECjUEMGE DESCRIPTION: SEQ ID NO ; 12: 

TGGGGGGTAG GTTAGAATCA TCACGCAGGC 2 0 

(2) INFORMATION FOR SEQ ID HC : 13: 

■ i ) SEDUENGE IKARAGTERI3TIG3 : 
;A) LENGTH: 3C base pairs 
[S) TYPE: nucleic acid 
;C) STP-ANDEDNESS : single 
(D) TOPOLOGY: linear 

;ii' MOLECLLLE TYPE: ccner nucleic acic 

,A; DESCRIPTION : /desc = " c 1 i genu c 1 e c r i de " 

'ill' HYPOTHETICAL : YES 



(xi) 3 EQDEMCE DESCRIPTION: SEQ ID NO: 13: 
TGGGGGGTAG GTTTGGTTCA TCACGCAGGC 

z. for so: :d no : i-i : 



' A ■ LENGTH : 2 1 base p.r.rn 

. = , 0 Y P 0 : nuiieic acic 

0: STRANDEDNESS : single 

■D i I'D PC LOGY: linear 

COLE COTE TYPE; omer nuclei" acid 

a: description. ; - 
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-ii) HYPO 



(xi ; 3ECLYEN0E DESCRIPTION: SEC ID NO: 14: 

■TGATGA CTCAGCCGGA A 

INFORMATION FOR SEC ID NO: 15: 

; i i 3 E QUEN IE 3KARACT ER I S T 1 0 3 : 
(A) LENGTH: Z n base pairs 
(5) TYPE: r.u:leic acid 
; C ) STRu ANTED NEE 3 : si ng 1 e 
[Z) T 3 PC LCG: : linear 

'ii) MC EE OGEE TYPE: ocnsr nuclei c acici 

i.A; DESCRIPTION : ,'desc = ' o 1 1 gor.uc 1 ec c i ce '' 

ill: HYPOTHETICAL. YE3 



!;.;:; SEQUENCE DESCRIPTION: SEC 10 NO: 15: 
AG AOATTGCC TGACGTOAC A GAGCTAG 
;i; INFORMATION FO ?, SEC 10 NC : 1£: 



; i ) 3ECTENCE C11ARA CTERI3TI33 : 
( A ) LENGTH : 13 base pairc 



(3 



TYPE: nucleic acid 
STRAIN ED NESS ■. c i.cg ie 
TOPOLOGY : 1 ir.ea: 



(ii) MCLECYLE TYPE: ocr.er nucleic acid 

•A) 3ES0RIPTI0N: /dssc = " c 1 igcnuc I ec t ide 

tiii! HYPOTHETICAL : YES 



secyenoe description: sec 



^.OY^N'Oz, 3 KARA 'JY.-.^. j o : 

;.A' LENGTH, li" ca^e caiic 
;E: TYPE: nucleic acid 
(3j 3 T RAN 0 E 3 N £ 3 3 : cmglc 
(0: TO POLICY: l^neai 
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HYPOTHETICAL : YES 



;x:i SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

CATTACCAGT TGCTCTGGTC 7CAAAAATAA GCCAGGCTGG CAGGAAGGAG CCTCCCTCAG SO 

GGTTTCGGGA ACCAGACCTC TCACCGG AAA G AC CGATTAA CCATGTCACC ACCACCCCAT 12 0 

CATCGTCACC GTTGACAGAA CAGTCCTTAA TCCAGAAAGC CTGACAT 157 
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Claims 

A recombinant DNA molecule comprising: 

(a) a first regulatory secuence cf a promoter active in mammalian cells; 

(b) cperativeiy linked thereto a heterologous DNA sequence; and 

(c) operatively linked thereto a second regulator/ sequence denved from the 
o'-untra.oslated region of the Vascular Endothelial Growth factor (VEGF) 
gene or of a gene homologous to the VEGF gene being capable cf 
regulating hypoxia inducible expression in vivo. 

The recombinant DNA molecule cf claim V wnerein said second regulate -/ 
sequence is seiectec from the group consisting cf 

(a) DNA sequences comprising a nucleotide sequence as given in SEG ID 
NO 1; 

;o) UNA sequences comprising the nudei/iide secuence or" the o'-umranslated 

region from the human cr "at VEGF gene; 
ic) DNA sequences comprising a nucleotide sequence which hybridizes with a 

nucleotide sequence of (a) or (b) under stringent conditions and which is 

capable cf regulating hypoxia induced expression in vivo; 
;d) DNA sequences comprising a nucleotide sequence which is conserved in 

the nucleotide sequences cf (a) and (b); and 
■e) DNA sequences comprising a fragment, analogue or derivative cf a 

nucleotide sequence of any one cf (a) to (d; capable of regulating hypoxia 

inducible ex cress ion in vivo. 

The recombinant DNA mo.ecule of claim t cr 2, wherein saic first regulatory 
sequence comonsBs an AP-1 binding site, an SP1 binding site, a Hypoxia 
inducible "actor (H:F) 1 binding site or any comoinaticn(s) thereof. 

-he recombinant DNA mciecuie cf claim 2, wherein said first regulatory 
secuence comprise an ^P-t and an HI - 1 cincinc site. 

~~e recombinant Dr. A mciecuie o : :rv one : : a.ms 1 to A vmene n said "Vst 
mcuiatom secuence : s cenved from a promoter cf hypoxia ncucicie genes, 
cenes encocina crb,vth footers nr its recectors cr glycolytic enzvmes. 

The reor™b:nant TNA mciecuie cf claim 5. wnerein saic growth -actor is VEGF, 
PDG- c ^'bnob'.ast :rcv,r f3c:cr 
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7. The recombinant DNA molecule cf any one of claims 1 to 6, wherein said first 
regulatory sequence comprises a minimal promoter. 

S. The recombinant DNA molecule of claim 7, wherein said minimal promoter is 
derived from SV4C. 

9. The recombinant DNA molecule of any one cf claims 1 to 8, wherein said first 
regulatory sequence comprises a DNA sequence selected from the group 
consisting of 

:'a) E NA sequences ccmcnsmg the nucleotide sequence as given in SEQ ID 

NO. 2; preferably from nucleotide 1 to nucleotide 230, 
ib) DNA sequences comprising the nucleotide sequence cf the human VEGF 

promoter; 

[c] DNA sequences comprising a nucleotide sequence which hybridizes wit.n a 
nucleotide sequence or (a) or (b) under stringent conditions ano wicn is 
capaoie of regulating hypoxia induced expression in vivo: 

id) DNA sequences comprising a nucleotide sequence which is conserved in 
the nucleotide sequences cf (a) and (b); anc 

(e) DNA sequences comprising a fragment, analogue or derivative of a 
nucleotide sequence of any one of (a) to (d) capable of regulating hypoxia 
inducible gene expression. 

10. The recombinant DNA molecule cf any one of claims 1 to 9, where:n saic 
heterologous DNA sequence encodes a peptide, protein, antisense RNA, 
sense RNA and/or ri oozy me. 

11. The recombinant DNA mciecuie of claim 1C, wherein said crctein is selected 
from tne grcuo consisting cf VEGF, Hypoxia inducible Factors (H IF), KiF- 
Reiated Factor (HRF), tissue plasminogen activator, p21 cell cycle inhibitor, 
nitric oxide synthase, interferon-y, atrial natriuretic polypeptide, o53, proteins 

encoded bv apoctosis :ncuc:ng genes c* the bc;2 family and r^onccyte 
cnemc; :-.::;c proteins. 

* 2. The recombinant DNA moiecuie cf ciaim 1 T wnere n said protem is 'i sec Table 
r "a'^ r , preferab.y Lc.ferase, green riucrescen: ccce n or lacZ. 

;3. Tne recom.c.nant DNA mciecu e or claim 10, wnere in said ami sense RNA or 
said ribozyme are directed against a gene involved in vascuiocenesis and/or 
a "dysgenesis arc, or :c.mcrs. 
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A nucleic ac;d molecule of at ieast 15 nucleotides in iength hybridizing 
specifically with the seccnc regulatory sequence of the recombinant DNA 
moiecuie of any one cf claims 1 to 1 3. 

15. A vector comprising a recombinant DNA mciecule cf any one cf claims 1 to 1 3. 

16. The vector of claim "5, which is an expression vector and/or a targeting vector. 

17. A cei; transformed with a DNA molecule cf any one cf claims 1 to 13 or the 
vector of claim 1 5 or 1 6. 

15. ~he cell cf c;aim 17, wnich is a prckan/ctic o^ eukaryctic ceil, preferably a 
glioma ce;l, primary cell, tumor cell, spheroic eel,, aggregate ceil, stem cell cr a 
differentiated ceii. 

19. A pharmaceutical comccsiticn comprising a recombinant DNA moiecuie of any 
one of claims 1 to 13, the vector of claim 15 cr 16 and/cr the nucieic acid 
moiecuie of claim 1 6 and optionally a pharmaceutical/ acceptable earner. 

20. A diagnostic composition comprising a recombinant DNA molecule of any one 
of claims 1 to 13, the vector cf claim 1 5 or 1 6 and/cr the nucleic ac;o moiecuie 
of cairn 14, anc optionally suitable means fcr detection. 

2\. A metr.ee : c the production cf a transgenic ncn-ouman animal, preferably 
mouse comprising introduction of the recombinant DNA moiecuie of any one of 
claims J to 13 or the vector cf claims 15 or 16 into a germ ceil, emcryenic celi 
or an egg ceii or a cell derived therefrom. 

22. A transgenic non-human animal comprising stably integrated into its genome a 
recombinant DMA molecule of any one cf claims A *.o " 3 and/or toe vector cf 
claim 4 z c-r 16 or obtain ec by toe me thou or' clai^ 2 J . 

23. A mttnod 'or :ne identification, of an aacn;st/ast. voter anc antagcnisvinnib.tcr cf 

genes or gene orcoucts mveivee in hypoxia anc/cr iscnemia comprising me 
steos of: 

(a) nrovicir.g an animal or human cell, or tissue or a non-human animal 
semcrismo; a recombinant DNA moiecuie comprising a readout system 
ooerativeiv iinked to at 'e?.sr erne regulate"; sequence caoabie o: meoiating 
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or regulating hypoxia and/or ischemia inducible expression of said reacout 
system, wherein said regulate ry seauence is preferably the first and/cr 
seccne regulatcry sequence as defined in any one of claims 1 to 9; 

(b) cuituring said animal or human cell, or tissue cr non-human animai in the 
presence of a sample comprising a plurality of compounds under conditions 
which permit inducible expression of said readout system; 

(c) identifying a sample and compound, respectively, which leads to 
suppression or activation ana/or ennancement of expression cf said 
~eadcut system in said animal cr human ceil, or tissue or non-human 
animai. 

24. The method cf c:a;m 23 further comprising the steo of 

I'd) .der.tirvir.g anc/or isolating from the identified sample the ccmoound 
~esccns;bie for said suppression or activation and/cr enhancement cf 
cx p re 3 s ion or s a iu rc acc ut s veto m in saic animal or nu man c e: i , or tissue , 
cr non-human animal. 

25. The method of claim 23 or 24 further comprising the step of 

(e) determining whether said sample cr compound mimics or suopresses the 
cellular effects cf hypoxia. 

26. A met.ncd for the prccucticn cf a pharmaceutical composition comprising the 
stecs cf the method of any one or* claims 23 to 25 and a step of formulating the 
compound identified in stec !c; r (a) (e) in a pharmaceutical'. y acceotaole 
form. 

27 "he method or' any one o* ciaims 22 to 26, -wherein saic recombinant DNA 
molecule is a recomoinant DNA molecule of any one of claims 1 to 13 or a 
vector cf claim 16 or 17. 

23. ~~^e memcd of anv one cf cia'ms 22 to 2 T . w herein said ceil ; 5 a cei; cf claim 17 



transgenic ncn-numan animai of ciaim 22. 

30. The method cf anv one or ciaims 23 to 29, wherein said DNA molecuie is 
introduced into the oenome ov tnansfection. transformation., electrepcratiom 



WO ( i8/56^36 PCT/EP98/0351: 



31. The method of any one of claims 23 tc 30, wherein induction of hypoxia is 
performed by modulation of 0 2 concentration, or conferred by a compound 
capabie cf mimicking effects of hypoxia, preferably cooaltcus chloride, 
desferoxamine, glucose and nutrient deprivation. 

32. The method of ciaim 31, wherein said compound which is capable of inducing 
mimicking effects cf hypoxia is a hypoxia-induc:bie factor (HIF) or an HiF- 
reiated-factor (HRF) or a nucleic acid molecule encoding either of sa:d factors 
cperatively linked to regulatory elements allowing expression of said nucleic 
acid molecules in said mammalian cell. 

33. A compound obtained or icentir'iec by the method of any cne of claims 23 to 32. 
which is an accnist/activatcr of hypoxia inducible gene expression and/cr 



34. A compound obtained or identified by the methoc of any one cf claims 23 to 32, 
which is an antagonist/inhibitor cf hypoxia inducible gene expression and/or 
function. 

35. An antibody specifically recognizing the compound of claim 33 or 34. 

35. A pharmaceutical composition comprising tne agonist/activator cf ciaim 33, the 
an:agonist'"mnioi:cr of ciaim 34 and/or the antibody of ciaim 35, and optionally a 
oharmaceuticaiiy acceptable carrier. 

37. A diagnostic composition comprising the agonist/activatcr of claim 33. the 
antagonist/inhibitor of claim 34 and/or the antibody of ciaim 35, and optionally 
suitable means for detection. 

33. Use o ; a recomoinant DMA mc.esule cf a~.y cne cf claims 1 tc 13. the vector o-" 

human animal cf claim 22 *o- tne centification o* a chemica. and. or biological 
comocunc caoaoie o: suopressing cr activating anc. : cr enhancing :he 



transcription, trXur^ssi- r 
exoression products. 



activitv ot" hyooxia regulated genes and/or its 
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39. The method of any one of claims 23 to 32 cr the use of claim 38, wherein the 
chemical and/cr biological compound is selected from the group consisting of 
peptides, proteins, nucleic acids, antibodies, small organic compounds, 
hormones, neurotransmitters, peptidomimics and 3 NAs. 

40. A method of inhibiting a vascular disease in a subject, comprising contacting an 
artery of said subject with the vector of claim 15 or 16, wherein said protein 
reduces or prevents the development of the vascular disease. 

4' . Tne method of ciaim 4C, wherein said protein recuces or induces proliferation or 
vascular endothelial cells and smooth muscie ceils. 

42. Use of a recombinant DNA mciecuie of any one of claims 1 to 13. the vector of 
claim 15 cr 15. the nucleic ac;d molecule cf claim 1 A the compound of claim 23 
or 34 and/ui tiiy aiuiDOuy or claim 33 tor the preparation ot a com position tor 
directing cr preventing expression of genes specifically during or after hypoxia 
induction. 

43. Use of a recombinant DNA molecule of any one of claims 1 to 13, the vector of 
ciaim 15 or 16. the nucieic acic mciecuie of claim 14, the compound cf ciaim 33 
or 34 and/or the antibody of ciaim 35 for the preparation cf a pharmaceutical 
composition fcr treating, preventing and/or delaying a vascular disease, cardiac 
infarct cr stroke, for ischemic preconditioning of organs and/or tissues, for 
enhancing angiocenesis, arteriogenesis, collateral growth of arteries ar.cVcr 
ischemic tolerance or for the stimulation of hypoxia function, and/cr for treating, 
preventing and/or delaying a tumorous disease in a subject. 

-4. Use of a recombinant DNA molecule of any one of claims 1 to 13. the vector cf 
ciaim 15 or 16, the nucieic acid molecule of claim 14, the compound of claim 33 
cr 34 and/or tne antibody cf claim 35 for the preparation of a pharmaceutical 

comoos;t : cn for inducing a vascular disease in a ncmhuman animal cr in the 

consisting c; artercscieros.s. corcr.any artery diseases, cenecra: cccusive 
diseases, peripheral occlusive diseases, viscera, occlusive diseases, renai 
artery diseases, mesenterial arterial insufficiency, opthaimic anc retinal 
occlusions, or wherein the tumorous disease :s selected r'rcm the group 
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consisting of cc;cn carcinoma, sarcoma, carcinoma in breast, carcinoma in the 
head/neck, mesothelioma, glioblastoma, lymphoma and meningeoma. 

Use of a seconc: and optionally first regulatory sequence as defined in any one 
of claim.s 1 to 9 for regulating gene expression. 
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